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Abstract
An in-depth analysis of shrimp aquaculture has been conducted using a life cycle 
approach to gain a better understanding of the sustainability issues facing the industry. 
The environmental footprint of the complete supply chain of block-frozen shrimp has 
been evaluated within this study using Life Cycle Assessment (LCA). The analysis is 
based on shrimp production in Thailand as a case study, in which frozen shrimp 
represents the principal shrimp aquaculture product.
The results from the LCA study show farming is the key life cycle stage generating the 
most significant environmental impacts, particularly marine toxicity, abiotic depletion 
and global warming, which arise mainly from the use of energy, shrimp feed and burnt 
lime. Eutrophication caused by wastewater discharged from the shrimp ponds has also 
been identified as a significant problem.
In addition to the key life cycle stages, this study has identified the key environmental 
issues and improvements needed in aquaculture management practices. The identified 
environmental impacts can be reduced by using inputs from sustainable sources, such as 
domesticated broodstock and local sources of post-larvae, and by replacing burnt lime by 
limestone. Further improvements could be achieved by using jet aeration equipment 
rather than paddle-wheel aerators because of their better energy efficiency. Better on- 
farm management practices should be implemented to improve the quality of ponds, 
including optimisation of stocking density, feeding rate, water exchange and operation of 
the aerators. It is also necessary for farms to treat wastewater before its release into 
natural receiving water to minimise the eutrophication problem.
In order to identify more sustainable farming systems, the study has also compared the 
environmental performance of five different farming types: (i) a Conventional & CoC 
farm, applying an intensive farming system coupled with an environmental management 
system (the ‘Code of Conduct for Responsible Marine Aquaculture’, known as ‘CoC’);
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(ii) a Biological & CoC farm, practising an intensive farming system with 
implementation of CoC and minimising the use of chemicals; (iii) a Probiotic farm, using 
probiotic substances to digest waste in shrimp ponds; (iv) an Ecological farm, aiming to 
raise shrimps naturally by optimising the ecological intensity of inputs; and (v) a ‘Going- 
to-be-Organic’ farm, undergoing conversion from conventional to organic farming 
primarily by operating at a lower stock density and completely eliminating chemical 
inputs.
The LCA results show that potential impacts of the various farming types are closely 
related to the choice of farming site, culture technique and management strategy. The 
Conventional & CoC farm has the highest impacts because of the higher inputs of energy, 
feed and burnt lime. The use of probiotics (in Probiotic farm) and biological extracts (in 
Biological & CoC and Going-to-be Organic farms) in place of chemicals significantly 
reduces the ecotoxicity impact. The Ecological farm proves to be the least problematic in 
terms of eutrophication, primarily as a result of reduced feeding rate and improved feed 
management. If equal importance is attributed to all the impact categories considered in 
the CML Baseline method, the environmental performance of the different farming 
systems can be ranked from best to worst as: Going-to-be-Organic, Probiotic, Ecological, 
Biological & CoC and Conventional & CoC farms. Similar ranking is obtained for the 
other two life cycle impact assessment methods used here, i.e. EPS 2000 and Eco- 
indicator 99.
This study has also highlighted that economic priorities and social benefits coupled with 
environmental consideration must be analysed from the life cycle perspective. The 
results from LCA can be used to formulate a more sustainable policy and m anagem ent 
framework for the shrimp aquaculture industry. Participation of the stakeholders along 
the supply chain is also important for policy formulation and implementation of 
sustainable management frameworks. Roles and responsibilities of various governmental 
organisations must be clearly defined, together with the establishment of laws and 
regulations to support the implementation of policy aligned with environmental
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objectives. Environmental management should also include sustainable management of 
aquaculture resources and farming practices with strong support from associated 
industries to improve the overall environmental performance of shrimp production as a 
whole.
The environmental performance of shrimp production is increasingly becoming a 
commercial concern due mainly to the consumer demand for environmentally-friendly 
products. The environmental issues identified in this LCA study are therefore used to 
analyse various certification schemes that have been introduced or proposed for 
production of farmed shnmp, and to propose an ecolabelling initiative for shrimp 
aquaculture products. The principles of the current certification systems are broad, with 
insufficiently specific operational guidelines for their practical application. The 
principles and criteria identified by LCA provide a more comprehensive perspective on 
the environmental impacts, covering both upstream and downstream activities as well as 
local and global impacts.
Specific criteria recommended for ecolabelling of shrimp aquaculture products, identified 
by the LCA study are: the amount of energy consumed by the aerators, the proportion of 
fishmeal in the feed, the quantity of burnt lime used for pond management, and the 
nutrient loading of wastewater discharged from the shnmp pond. Recommendations for 
guiding consumers on environmentally-fiiendlier’ products are also made to promote 
more sustainable shrimp consumption.
The wider perspective and more comprehensive coverage of environmental impacts 
provided by LCA have given a better understanding of environmental consequences of 
shrimp production. This study of shrimp aquaculture has demonstrated that LCA can be 
a useful tool to inform and facilitate the move towards a more sustainable production- 
consumption system. Further studies using LCA to compare aquaculture-based and 
capture-based fisheries products, as well as agricultural products, would also be useful to 
gain better understanding of the environmental footprint of different food production
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systems, contributing to more sustainable management of the food production system as a 
whole.
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Chapter 1 
Introduction
gw&yrioMf arg mzW over t/ze fzt9tazMa6z/z(y Anz?^  agzzaczz/tzzrg, agazzz^ t
the background o f serious questions over the sustainability o f capture fisheries. 
Sustainable development is a rich multi-layered concept which needs specific 
interpretation for individual aspects o f human activity. Sustainable development for  
aquatic and terrestrial systems was defined by the 94th FAO Committee on Fisheries in 
1991 as “Sustainable development o f the management and conservation o f  the natural 
resource base, and the orientation o f technological and institutional change in such a 
manner as to ensure the attainment and continued satisfaction o f  human needs for  
present and future generations. Such development conserves land, water, plant, and 
genetic resources, is environmentally non-degrading, technologically. appropriate, 
economically viable and socially acceptable” (Caddy and Griffiths, 1995). This 
definition, which clearly denvesfrom the classic Brundtlund definition as “development 
that meets the needs o f the present without compromising the ability o f future generation 
to  zzzggt tAazz- owzz zzgg^k" (W C E D , z j c o z z fz a 'W  wztA tA e zz/ea t /z a t  .yztytazzzaMa
activities must meet a set o f ecological, technological and social or institutional 
constraints (Mitchell et al., 2004). This concept o f  sustainability underlines the work in 
the dissertation: the three dimensions or components -  ecological, technical and 
gcozzozzzzc -  az-g z -g co g zzz W  g i^ /z c z t/x . 7%g / o c a x  q /"  t/zg z-gygaz-g/z M ozz t/zg g co /o g zcaZ  
impacts o f shrimp aquaculture, but the technical and economic aspects are discussed at 
points in the work and later chapters discuss how to approach a full sustainability 
analysis covering all three dimensions.
Chapter 1 Introduction
1.1 Can Shrimps be Farmed Sustainably?
Fish is a key source of protein in most parts of the world and, globally, fish products 
provide the most common type of animal protein. Capture fishery^ has been the major 
supplier in meeting the demand for fish world-wide. However, questions are increasingly 
being raised internationally over whether capture fisheries are sustainable and can 
continue to satisfy demand for fish for consumption by present and future generation. 
The growth rate of capture fishery in the world has decreased from 1.5% per year in the 
1983 to 1993 period to a mere 0.6% per year in the period 1995 to 1996 (FAO, 1999). It 
is also reported that 18% of marine fish stocks are overexploited, approximately 4 7 % of 
the stocks are fully exploited while only 25% are underexploited or moderately exploited 
(FAO, 2002a). More importantly, the mean trophic level^ of the species groups reported 
in FAO global fisheries statistics had changed from 5.0 (carnivores) in 1950 to 2.0 
(herbivores) in 1997. This phenomenon has reflected a gradual and continuing transition 
in landings from long-lived, high trophic level, piscivorous bottom fish^ toward short­
lived, low trophic level invertebrates and planktivorous pelagic fish, an effect which has 
been termed fishing down the food chain” (Pauly et al., 1998). These unsustainable 
exploitation patterns are threatening global fisheries as the output from harvesting of 
species at lower trophic levels can, at best, keep up with the increased demand offish for 
a limited tune. The initial increase in catches is only an illusion; catches subsequently go
through a transition phase of being stagnant and ultimately declining.
Capture fishery means the sum (or range) of all activities to harvest a given fish resource from the wild 
(FAO, 1997a).
Troph is the trophic level class where fish and other organisms tend to operate in their respective food 
webs. Troph of a given group of fish (individuals, population, species) is then estimated from troph = 1 + 
mean troph o f the food items where the mean is weighted by the contribution of the different food items. 
Thus, for example, an anchovy whose diet would consist o f 50% phytoplankton (troph = 1) and 50% 
herbivorous zooplankton (troph = 2) would have a troph of 1+ ((l+2)/2) = 2.5 (Pauly et al., 1998).
Piscivorous bottom fish are the benthic predatory fish species feeding preferably on other fish, i.e. 
carnivorous benthic fish species, which include flounder, weakfish, bluefish, spot, croakers, etc. (FishBase 
2004, http://www.fishbase.org, last accessed December 2004).
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There is a good reason to believe that we are currently facing a serious situation of 
declining marine fish stocks owing to the present trend of “fishing down the food chain”. 
It is likely that many wild fish stock catches have reached or are very close to their 
maximum sustainable liihits, while in some cases these limits have been exceeded to the 
point where stocks have collapsed. Equally importantly,. we are currently catching 
smaller fish at a lower trophic level that should provide the basis of renewable sources for 
future supply of fish. This prevents the recovery of stocks which have been over-fished. 
Added to this, the world average per capita fish consumption has been increasing over 
time. It has been projected that the global annual per capita consumption of fish will 
increase from about 16 kg today (from 8.9 kg in 1961) to between 19 and 21 kg in 2030 
(FAO, 2002a). Global fish production is projected to grow by 40% from 1997 to 2020, at 
an average annual rate of 1.5% (Delgado et al., 2003). In response to this, culture-based 
(or aquaculture) fisheries'* are being developed rapidly so as to support the higher demand 
for fish.
It has also been projected that the share of global fish produced from aquaculture would 
increase from 31% to 41% (Delgado et al., 2003). The growing contribution of 
aquaculture production to global fish production statistics is significant. Globally 
aquaculture continues to grow faster than all other ammal food-producing sectors, 
increasing at an average compounded rate of 9.2% per year since 1970 (compared with 
only 1.4% for marine capture fisheries and 2.8% for meat from terrestrial farm 
production systems). FAO statistics report that aquaculture has increased from 3.9% of 
total production by weight in 1970 to 27.3% in 2000, and it currently accounts for more
Culture-based fisheries (also termed aquaculture) are activities aimed at supplementing or sustaining the 
recruitment of one or more aquatic species and raising the total production or the production of selected 
elements of a fishery beyond a level which is sustainable through natural processes. In this sense culture- 
based fisheries include enhancement measures which may take the form of: introduction o f new species; 
stocking natural and water bodies; fertilisation; environmental engineering including habitat improvements 
and modification of water bodies; altering species composition including elimination of undesirable 
species, or an fauna of selected species; genetic modification of introduced species (FAO, 1997). Capture- 
based fisheries refer to the harvesting of marine fish whilst culture-based fisheries cultivate stocks by 
feeding and protection from predators so as to enhance production.
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than 30% of global fish supply (which is up from only 7% in 1973). The main 
aquaculture products comprise fmfish (49%), seaweed (22.6%), molluscs (24.9%) and 
crustaceans (3.5%) (FAO, 2002a).
It is believed that aquaculture will continue this growth trend to satisfy the higher demand 
for fish. However, there has been a great concern over the capacity of aquaculture to 
compensate for the declining production from marine capture fisheries. The further 
development of aquaculture, especially carnivorous species, has been linked to the 
ecological threat of resource depletion through the use of several tonnes of captured fish 
in the form of fishmeal to produce a single tonne of cultured fish. Aquaculture’s share 
of demand for fishmeal derived from wild-caught fish increased from 1 0 % in 1988 to 
35% in 2000 (Barlow and Pike, 2001). It is also forecasted the demand of fish meal for 
aquaculture will continue increasing to 45% in 2005 and 56% in 2010, and the 
requirement for fish oil will grow from 54% in 2000 to 77% and 97% in 2005 and 2010 
respectively (Pike, 2003). In addition, it is projected that ‘carnivorous’ aquaculture will 
consume approximately 70% of the total global supply of fishmeal by the year 2015 
(FAO, 2002b).
With specific reference to shrimp, it consumes 19.3% offish meal (0.5 Million Metric 
Tonnes of MMT) and 7% of fish oil (0.04 MMT) of the total fish meal and fish oil used 
in aquaculture in 2001, which ranks third after sahnonids and marine fish^. Shrimp 
aquaculture also represents a high Feed Conversion Ratio (FCR)^ -  global average 
shrimp FCR is 2 (i.e. 2 kg of feed is used per kg of shrimp produced) (Tacon, 2002). The 
further growth of shrimp farming requires higher amount of fishmeal and hence marine- 
caught fish, which can potentially lead to the collapse of marine fish stocks.
Fishmeal is typically produced from the fish species that are not used for direct human consumption, from 
the by-products of seafood processing or low-value fish species.
The figures are obtained from Fishmeal Fact and Figures (available from 
http://www.gafta.com/fm/fmfacts6b.html, last accessed November 2004).
’ Feed Conversion Ratio (FCR) = feed fed (g)/weight gain of shrimp (Tacon, 2002).
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Shnmp aquaculture is one of the most important culture-based activities generating the 
highest value added. The majority of the world’s producers are based in Asia and the 
most predominant species cultivated is the Black Tiger Prawn (Penaeus monodon). 
Thailand, which is the focus of this work, is the world's second largest exporter of farmed 
shrimps after China. The benefits of the shrimp farming industry to the Thai economy 
are significant and the contribution of shrimp aquaculture production is considerable in 
terms of the foreign exchange earnings that it generates. Black tiger prawns comprise 
over a quarter of the total Thai food exports and in 2001, around 135,000 tonnes worth
53.2 billion baht (1.2 billion Euro) were exported; of this, frozen shrimps were the 
leading product (Food Market Exchange, 2002). The high-value export earning of 
shrimp products has led to a boom of shrimp farms in the country, with tremendous 
support from the government in terms of infrastructure as well as research and 
development.
Social benefits from shrimp farming in Thailand are also visible. The sector has 
supported community development particularly in coastal areas, which are the main 
locations of shnmp farms. The shnmp business has distributed income to various 
stakeholders including local people. Upstream and downstream industries associated 
with shrimp farming have generated numerous job opportunities, especially for women. 
There are a considerable number of people engaged in the shrimp aquaculture industry. 
Approximately 134,000 people are employed directly in shrimp farming and there are 
another 60,000 to 70,000 people employed in shrimp-related industries (Thongrak et al, 
1998; Samabuddhi, 1999; National Statistical Office Thailand, 2001). Thus, it can be 
said that approximately 2 0 0 ,0 0 0  people or more are directly dependent on the shrimp 
farming industry. It is also worth noting the income generation of 1 employee 'per 1 
tonne of shrimp exported per year (approximately to $US 6,000), which is about three
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time higher than the GNI (Gross National Income) per capita of thé country^ which is 
$US 1,970.
To a great degree, the economic and social importance of shrimp farming is evident in 
terms of export values, income distribution, community development and employment 
generation. On the other hand, shrimp aquaculture activities have attracted a great deal of 
criticisms related to their environmental impacts. The most controversial environmental 
issues are related to the use of natural resources and the deterioration of the ecological 
life support functions on which our livelihoods depend. Conversion of mangrove areas or 
rice paddy fields for the development and construction of shrimp ponds are typical 
examples associated with shnmp farming in the past. The potential environm ental 
impacts and threat to the manne shnmp population and loss of biodiversity through the 
use of wild-caught broodstock for the larval culture at hatcheries are receiving much 
attention cunently. The use of wild-caught fish processed into fishmeal and fish oil, 
which are further used for shrimp feed production, has been discussed heatedly. There 
has been a great concern over the higher demand for fishmeal to support the expansion of 
shrimp aquaculture that might accelerate the rate at which marine fish stocks could 
become overexploited. The protein input into shrimp ponds in the form of fishmeal is 
also contentious in terms of the efficiency of resource utilisation. In other words, the 
nutritional value of consumed farmed-shrimp is about eight times smaller than the net 
consumption of protein via fishmeal used for feeding shrimps.
The problem receiving most local complaints with respect to shrimp farming is water 
pollution, with a particular concern over the high levels of nutrients in the wastewater 
discharged from shrimp ponds. There is also a tendency for a farm’s effluent to pollute 
the common water supply if the farm layout and the pond’s inflows and outflows are not
* The figure is obtained from (http://www.gotranslators.com/Engl/GNIPC.pdf, last accessed December 
2004)
The figure is roughly calculated from the facts that the protein content of fish is about two times higher 
than shrimp (United States Department of Agriculture (USDA) Nutrient Database, 2004), and 
approximately 4 kg of captured fish in the form of fishmeal are used to culture 1 kg of shrimp (this study).
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well designed. Via this route, the use of contaminated intake water could trigger disease 
outbreak due to cross-infection from one farm to another. The use of disinfectants and 
antibiotics in an effort to control disease during the culturing period could lead to an 
accumulation of chemical and antibiotic residues in shrimp products and hence lead to 
human health impacts (Boyd and Massaut, 1999; Graslund and Bengtsson, 2001; Boyd, 
2002a; Holmstrom et al., 2003). Moreover, questions are being raised regarding the 
effects of antibiotics on soil microbial ecology, the resistance of pathogenic micro­
organisms and their persistence in aquatic environment (GESAMP, 1997).
With recogmtion of the enormous dependence on natural ecosystems, the growth of 
export-oriented shrimp farming has been challenged in terms of the capacity of the 
environment to accommodate the increased levels of intensification of farming practices. 
The issues of efficiency of resource utilisation and environmental degradation as a result 
of shrimp farming have raised serious doubts whether the sector can be operated in a 
sustainable way. There is also a serious debate whether the aquaculture-based production 
has really reduced the pressure on capture-based fisheries. The scale of environmental 
impacts caused by aquaculture-based fisheries, and to what extent the use of fishmeal in 
the shrimp aquaculture industry contributes to the depletion of global fish supply are still 
questions that remain unanswered. Furthermore, the balance of wild-caught shrimps and 
farmed shrimps contributing to global shnmp demand needs to be finther investigated.
In addition to environmental degradation, the continued rise in shrimp consumption and 
the rapid growth of shnmp farms applying more intensive systems have also attracted 
attention to the economic and social impacts that this might generate. Due to the high 
investment required for crop production, loans from banks or money ‘pooling’ from 
family and relatives have become necessary to generate the capital needed; however, if 
the crop and subsequent harvest are not successful, then unsustainable debts can be 
incurred. Crop failures can also lead to abandonment of farms or the loss of land 
ownership. The social problems associated with shrimp farming activities have also been
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highlighted, especially for small-scale farms which are dominant in Thailand. Whilst 
shrimp farming is desirable to generate income in coastal areas, development of shrimp 
farming can also lead to loss of existing livelihoods and irreversible changes of social 
structure (Michielsens, 2000). increases in crime rates and road accidents are pointed out 
as other negative effects in communities following the introduction of shrimp farming 
(Nissapa et al., 2002c). Social conflicts among competing users of natural resources have 
also been noted. There is also a growing social concern as to whether the foreign income 
generation from the exporting farmed shrimp products will offset the environmental and 
social damages that the shrimp aquaculture and its associated activities may cause. '
1.2 Life Cycle Approach to Sustainability Assessment of Shrimp 
Aquaculture
The economic, ecological and social issues mentioned above have raised serious concerns 
over the sustainabihty of shrimp aquaculture production and consumption. This work 
discusses some of these issues with a particular emphasis on assessing the environmental 
sustainability of the shrimp aquaculture. Some previous studies have looked into 
different stages and activities within the shrimp production chains but, as far as the author 
is aware, no study of the whole life cycle of the shrimp production and consumption has 
been earned out so far. Therefore, this dissertation takes a life cycle approach to assess 
the environmental sustainability of the shrimp aquaculture from “cradle to grave”. .
The life cycle stages of the shrimp aquaculture production system considered in the 
study are extraction and processing of raw materials; wild broodstock trawling; culturing 
of shnmp larvae at hatchery; cultunng of post-larvae to adult shrimps at farm; shrimp 
processing; distribution; consumption; waste management and sewage treatment; and 
transport in all life cycle stages. The study is based on shrimp production in Thailand, 
due to its importance as the second largest exporter of shrimp products. Life Cycle 
Assessment (LCA) has been used to compile the inventories of raw materials and energy
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used as well as emissions and wastes generated along the production chains. By using 
LCA, the key life cycle stages and most significant impacts have been identified to 
enable a more effective approach to reducing the environmental footprint of shrimp 
farming. Comparison of different farming systems has also been carried out to identify 
better farming practices in terms of environmental performance. Moreover, the balance 
between environmental interventions, social impacts and economic benefits has been 
investigated across the whole life cycle to provide an understanding of the level of 
sustainability of the sector and how it might be improved.
1.3 Research Objectives
Therefore, the specific objectives of this research were defined as:
(1) To apply system analysis using the life cycle approach to investigate the principal 
environmental issues and identify the main economic and social issues governing the 
sustainability of the shrimp aquaculture industry in Thailand;
(2) To systematically identify and quantify the environmental interventions of shrimp 
aquaculture production systems by using LCA methodology;
(3) To identify the key stages and most significant environmental impacts associated with 
the life cycle of shrimp aquaculture production systems, and use the LCA results to 
identify aquaculture practices which would improve the environmental sustainability of 
shrimp aquaculture industry;
(4) To use the LCA results as an input to the current certification systems in shrimp 
aquaculture and to support eco-labelling initiatives for shrimp aquaculture products; to 
provide information to consumers as guidance in purchasing shrimp aquaculture products 
for more sustainable consumption; and to support the formulation of national strategic 
plans and sustainability policies for shrimp industry; and
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(5) To identify where trade-offs may need to be addressed between the social and 
economic benefit and environmental impacts of shrimp aquaculture, to make 
recommendations on further work towards improving the sustainability of the Thai 
shrimp aquaculture industry.
1.4 Organisation of Dissertation
The dissertation is organised as follows. The development of the shrimp aquaculture 
sector as well as the shrimp farming systems in Thailand are introduced in Chapter 2 . 
Chapter 3 describes the life cycle stages of the shnmp aquaculture production systems 
and Chapter 4 gives an overview of the principal sustainability issues covering 
environmental, social and economic aspects from the life cycle perspective. Chapter 5 
introduces LCA and the current status of the LCA methodology, including current 
research initiatives on the application of LCA to aquaculture products. Following the 
introduction of shrimp farming techniques, the associated production chains and of the 
LCA methodology. Chapter 6  continues to describe the application of LCA to block- 
frozen shrimp, which is the principal shrimp aquaculture product chosen for analysis in 
this study. Comparative LCAs of different farming systems are also discussed in this 
chapter. The application of LCA results to support sustainable development of the 
shrimp industry is discussed in Chapter 7. Finally, the research findings and concluding 
remarks related to the sustainability of Thai shrimp aquaculture industry as well as 
potential topics for future research are summarised in Chapter 8 .
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Shrimp Aquaculture in Thailand
Shrimp farming techniques and management strategies are improving continually to 
minimise environmental impacts as well as adjusting to changing socio-economic 
conditions.
This chapter gives an introduction to the shrimp aquaculture industry in Thailand, 
following a brief overview of the country’s geo-political and economic situation. The 
general shrimp farming systems and their principal activities and operations are 
described, followed by an overview of shrimp aquaculture development including the 
adjustment of shrimp farming practices to sustain the productivity in Thailand.
2.1 Introduction to Thailand
The Kingdom of Thailand, known as just “Thailand”, is located in the middle of 
mainland Southeast Asia, surrounded by Myanmar to its north and west, Laos on its 
northeast, Cambodia and the Gulf of Thailand on its southeast and by Malaysia and 
Myanmar on its south and southwest, respectively (Figure 2.1). The country covers a 
land area of 514,000 square kilometres (511,770 and 2,230 square kilometres are land 
and water respectively), extending about 1,620 kilometres from north to south and 750 
kilometres at its widest point from east to west, with a coastline of approximately 2,700 
kilometres on the Gulf of Thailand and 865 kilometres on the Andaman Sea which is part 
of the Indian Geean.
Thailand is composed of four main regions: North, North-East, Central and South. The 
northern part of the country is a mountainous area, containing numerous ruins and 
temples. Korat Plateau in the North-East is the semi-arid part of the eountry.
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Surrounded by the ChaO Phraya River (the main river in Thailand) along with a fertile 
delta, the Central Plain is the most productive agricultural part of Thailand, for rice 
cultivation in particular. The central region is also the most densely populated part of the 
country. The southern region occupies thousands of kilometres along the Malay 
Peninsula, with a large number of beaches and islands.
mm
niliOTM
Figure 2.1 Geography of Thailand (CIA, 2004)
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Based on CIA (2004), the population of the country is 64,865,523 (July 2004 estimate), 
with annual population growth rate of 0.91%. The country’s administration is divided up 
into 76 provinces. Bangkok, with more than six million people, is the capital of 
Thailand. It is also the largest city as well as the chief seaport of the country.
Thailand’s economy continues to recover from the Asian financial crisis which erupted in 
1997 to 1998. Exports are largely driving the economic recovery, and the country was 
one of East Asia's best performers in 2002. Fishery products are one of the major 
exported agricultural products. According to the fisheries statistics yearbook 
(Department of Fisheries, 2004), fisheries production in 2001 was 3,648,430 metric 
tonnes, 77.7% from capture fisheries and 22.3% from aquaculture. With reference to the 
capture fisheries, marine fisheries accounted for 72.1% and 5.6% came fi*om inland 
fisheries. Of marine fisheries, 3.4% was wild-caught shrimp. For the aquaculture 
production, 14.6% came fi*om marine and 7.7% from freshwater aquaculture. The shrimp 
aquaculture sector contributed 52.4% of the total marine aquaculture output: 134,910 
tonnes, worth 53.2 billion baht, equivalent to 1.2 billion Euro. Thailand has been one of 
the major shrimp aquaculture producers in the world since the 1990’s and has been 
earning signifieant foreign revenue from shrimp products.
Before deseribing the development of shrimp aquaculture in Thailand, background 
information on the biological life cycle of marine shrimp, overview of shrimp farming 
systems and the principal activities in shrimp farming are provided in the following 
sections.
2.2 Biological Life Cycle of Marine Shrimp
The major species of marine shrimp being eultured in Thailand is Black Tiger Prawn 
(Penaeus monodon). This species has the highest economic value and is relatively easy 
to culture with rapid growth. Black Tiger Prawns can tolerate a wide range of salinity.
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from slightly greater than freshwater (1-2 %o NaCl) to frill-strength ocean water (as high 
as 35-40 %o NaCl). Tiger prawn is a predator, detritus feeder and bottom dweller.
Figure 2.2 shows the features of tiger prawn, with details of its external anatomy shown 
in Figure 2.3. The features distinguishing this species from other species in the same 
group is that its rostrum has seven to eight dorsal teeth and three to four ventral teeth that 
curve down very slightly. Unlike the other prawn species, the rostral ridge of tiger prawn 
lacks a distinct groove behind it, and the hepatic ridge is long and curved. Tiger prawn’s 
telson (the post-segmental region of the abdomen) has a groove, without lateral spines. 
Its carapace (the skeleton shield on the prawn’s back) and abdomen have black bands 
thus giving a tiger-striped appearance to this species. Their pereiopods (“legs”) are 
normally red. The largest commercially available prawn can be as long as 363 
millimetres or more. Its local name in Thai is Kung Kula Dum. This species is the 
subject of the study in this work.
Figure 2.2 Features of Penaeus monodon (Bailey-Brock and Moss, 1992)
14
Chapter 2 Shrimp aquaculture in Thailand
E jctem at ArsErtomy
Figure 2.3 External anatomy of Penaeus monodon (Bailey-Brock and Moss, 1992)
The biological life cycle of tiger prawn (or shrimp, as it is also often interchangeably 
referred to) is illustrated in Figure 2.4. The life cycle starts in the ocean where a sexually 
matured female adult shrimp, at the age from 5 to 11 months, spawns to produce typically
500,000 to 1,000,000 or more eggs at a time. Within a day, the eggs hatch into larvae 
which feed on plankton. The larval period lasts for 12 days in the ocean. Then, larval 
shrimps migrate into nutrient-rich estuaries where they grow fi-om post-larvae to larger 
juveniles. After that, they return to the sea to mate again and repeat this cycle. The life 
span of tiger prawn is approximately two years.
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Figure 2.4 Biological life cycle of marine shrimp (Bailey-Brock and Moss, 1992)
15
Chapter 2 Shrimp aquaculture in Thailand
The geographical distribution of this species is shown in Figure 2.5; the grey areas 
represent the uncertain locality of tiger prawn in nature whilst the more certain habitats 
are in the back areas. It is native to the Indian Ocean and the South-western Pacific 
Ocean from Japan to Australia.
V-
Figure 2.5 Geographical distribution of black tiger prawn (FAO, 2002a)
2.3 Overview of Shrimp Farming Systems
There are generally three types of shrimp farming systems: extensive, semi-intensive and 
intensive, characterised by the intensity of use of capital, equipment, labour, skill, land, 
water, seed (post-larvae), feed and energy. The different farming systems are described 
in the following sections. However, prior to that, the main farming activities are 
described.
2.3.1 Principal activities in shrimp farming
The shrimp farming operation starts with construction of the pond followed by 
preparation of water to provide optimal ecological conditions for stocking the post-larvae. 
During the culturing period, food and oxygen are supplied to stimulate the shrimps’
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growth. Water exchange is normally practised to dilute waste concentration in the pond 
and to maintain the water quality throughout the culturing period. The shrimp post-larvae 
grow in the pond for about three to four months, and harvesting of the crop is typically 
carried out by draining water from the pond. The bottom of the pond is then left to dry 
before starting a new crop. Details of the principal activities in shrimp farming are given 
below.
2.3.1.1 Pond construction
The pond is normally constructed in the dry season to prevent water runoff. Boyd (2001) 
has suggested that the layout of farm and facilities should be built according to an 
acceptable design, which is dependent on the particular topography and hydrology of the 
site. Equally importantly, the size of farm should be in proportion with the water supply 
and the capacity of the receiving water to assimilate nutrients and other wastes. The pond 
can be circular or square, depending on the land available. The pond’s shape also affects 
the pond management in terms of the positioning of the aerators. Circular ponds may be 
advantageous for water circulation that can lead to a better accumulation of sludge at the 
centre of the pond. However, square ponds may enable a more effective use of land area. 
Moreover, square ponds may not be as favourable as circular ones in terms of water 
circulation and sludge accumulation because their comers have a potential to obstruct or 
limit the water movement.
2.3.1.2 Pond preparation
Seawater is normally filtered before pumping it into the pond to prevent inflow of 
pathogenic aquatic animals. The water is initially introduced into the pond at about 1.0 to
1.2 meters depth for pond preparation. Basically, the water is treated using disinfectants 
such as chlorine. Liming materials, both limestone and burnt lime, are normally added to 
adjust water pH to the optimal range (7.5 to 8.5). Furthermore, fertiliser is added to 
promote the growth of algae as a natural food for shrimps. This stage is well known
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among shrimp farmers as ‘water-colour developing’ (the colour comes from the colour of 
plankton developed in the pond).
2.3.1.3 Stocking
Stocking of hatchery-reared post-larvae is a common practice. Use of post-larvae up to 
stage 15 (15 days of age after hatching) is preferable, as they can adapt well to a wide 
range of pond conditions. Post-larvae are accommodated in acclimatisation tanks or 
nursery ponds to adjust to pond conditions, particularly to salinity and temperature levels, 
before being stocked.
2.3.1.4 Shrimp growing
Both commercial shrimp feed and fresh fish are used to grow shrimps in ponds. Feeding 
management is essential to obtain and to sustain high productivity. During the culturing 
period, a wide variety of chemicals and antibiotics are used for promoting growth, 
maintaining water quality and preventing diseases. Exchange of water is applied for 
preserving the water quality, and oxygenation systems are used to maintain a sufficient 
oxygen level in the ponds. Growing the shrimps to a market size takes about 120 days or 
more.
2.3.1.5 Harvesting
Shnmps are harvested by draining water from the pond through a net, and the shrimps are 
captured from the outflowing water. Shrimps remaining in the pond are harvested by 
nets or picked up by hand. The shnmps are put into icy water as soon as possible after 
harvesting. Then, the chilled shrimps are sorted according to their size and transported to 
the central auction shrimp market where the processing plants can buy them for further 
processing. Alternatively, the shrimps are sold directly to the processing plants but this 
route is less usual in Thailand.
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2.3.1.6 Pond preparation after harvesting (for the next crop)
Removal of sediment (accumulated sludge) and sun drying between crops is commonly 
practised. The sludge left at the pond bottom after harvesting is typically removed and 
used to reshape the inside of the embankments.
2.3.2 Extensive farming system
Extensive farming is operated in near-shore communities along the coast, especially in 
tidal and mangrove areas. Typical configuration of an extensive farming system is shown 
in Figure 2.6. As the mangrove is known to be a concentrated nursing ground for small 
aquatic fauna such as juvenile fish and crustaceans, the mangrove is modified into 
trapping ponds for capturing wild shrimps. The pond size ranges from 2 to 20 hectares. 
Accordingly, the stock density is quite low, from 0.1 to 1 post-larva per square metre. 
The tides provide the water exchange during the farming period at a rate of 0% to 5% per 
day. Shrimp feed on naturally occurring organisms with no additional feed or chemical 
fertilisers. Clearly, construction and operating costs are very low. The yield is up to 500 
kg/ha year. This farming system is still common in Vietnam, Indonesia and Ecuador.
• WoMdWde
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Figure 2.6 Schematic representation of an extensive farming system (Rosenberry, 1999)
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2.3.3 Semi-intensive farming system
Semi-intensive farming has been developed and adapted from extensive farming by: 
digging canals in the pond bottom; converting from tidal water exchange to pumped 
water exchange; increasing the use of fertilisers with a higher stocking density and 
formulated feeds. This farming system can be found in Honduras, Mexico, Colombia, 
Ecuador and China. The semi-intensive farming system is shown schematically in Figure 
2.7. The ponds are constructed above the high tide with a size range from one to five 
hectares. Wild or hatehery-produced post-larvae are stocked in culturing ponds. The 
stocking density is from one to five post-larvae per square meter. The natural food chain 
is encouraged by adding fertilisers. Pumping has been introduced into this farming 
system for water exchange, at a rate of up to 25% per day. Harvest is by draining the 
pond through a net, and the yield is typically 500 to 5,000 kg/ha year.
• tern Hemisphere
• Above High Tide Line
• Diesel Pumping
- Formulated Feeds
- 5Ô0 to 5,000 
Klios/Hectare
R  v e r Estuary Ocean
S h r i m p
Ponds □
Figure 2.7 Schematic representation of a semi-intensive farming system (Rosenberry, 
1999)
2.3.4 Intensive farming system
Intensive farming is conducted in small enclosures (between 0.1 and 1.0 hectare) with 
high stocking density (6 to 25 post-larvae per square metre), applying formulated high 
protein feeds, aeration systems and waste removal. This fanning system is common in
2 0
Chapter 2 Shrimp aquaculture in Thailand
Thailand, Indonesia and Taiwan. An intensive farming system is shown schematically in 
Figure 2.8. The additional aeration systems permit higher stocking and feeding levels. 
The water exchange rate can be high, about 30% per day or higher and is carried out 
using pumping systems. Clean-up of ponds after harvesting is required in this farming 
system because of the high shrimp densities and the use of supplemental feeding. Thus, 
there is a large organic accumulation at the bottom of the pond after harvesting the 
shrimp crop. Yields of 5,000 to 20,000 kg/hayear are common. However, with higher 
stock density, the farmers sometimes have a problem of shrimp disease and crop failures 
if farm management is poor. It should be noted that this type of farming system no 
longer uses mangroves since the system requires fast water exchange throughout the 
growth cycle.
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Figure 2.8 Schematic representation of intensive farming system (Rosenberry, 1999)
Table 2.1 summarises the main differences between management aspects in the different 
shnmp farming systems. Again, the extensive farming system relies on post-larvae 
growth in nature whilst semi-intensive and intensive farming systems enable higher 
stocking rates by using the post-larvae produced in hatcheries as well as by using 
fonnulated feed. Introduction of aerators into shrimp ponds also leads to a higher 
productivity in intensive farming.
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Table 2.1 Comparison of management aspects in different shrimp farming systems
Management aspects Extensive system Semi-intensive system Intensive system
Feed types natural natural and supplemental formulated high protein
Water management tidal tidal and pumping pumping and aeration
Pond sizes (ha) 2 to 20 1 to 5 0.1 to 1.0
Stocking rates 
(post-larvae/m^)
0.1 to 1 1 to 5 6 to greater than 25
Production (kg/ha year) more than 500 500 to 5,000 5,000 to 20,000
2.3.5 Super-intensive farming system
Super-intensive farming is at the opposite end of the scale from extensive farming. This 
technique takes greater control of the environment by using large amounts of materials 
and energy. This type of farming system also needs close attention by skilled attendants 
and business managers to achieve commercial operation. Stocking density is in excess of 
100 late post-larvae per square metre. It is important to note that a constant flow of 
shrimps produced through this system depends on the capacity of hatchery production to 
maintain the full stock of post-larvae. A nearly complete or completely formulated diet is 
used in this farming system. Water exchange usually exceeds 100% each day. This 
technique can produce yields of 20,000 to 100,000 kg/ha year.
2.4 Development of Shrimp Aquaculture in Thailand
Shrimp farming in Thailand has been carried out since the 1930s. It originally developed 
as a by-product from the salt fields along the seacoast of the Inner Gulf of Thailand. The 
conversion of salt fields into shrimp ponds was fortuitous as the salt fields were close to 
the sea, thus offering ideal conditions to obtain wild shrimp larvae and facilitating shrimp 
farming. In the early period of shrimp farming development (from 1970 to 1980), the 
extensive farming technique was practised and the main species cultured was Penaeus 
merguiensis (known as Banana Shrimp). Several further factors promoted the rapid
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growth of shrimp farming in the period from 1980 to 1986: the regional decrease of wild 
shrimp capture, increasing demand for farmed shrimp, and a massive collapse of shrimp 
farming in Taiwan due to shrimp disease and pollution. The mass production of shrimp 
seed from hatcheries, production of high-protein shrimp feed and introduction of water 
aeration have also driven the development from extensive to semi-intensive and intensive 
farming systems, which enable higher stocking densities and yields. The model of 
Taiwanese intensive farming practices was set as the standard. The development from 
extensive to intensive farming has been supported by post-larvae cultured in hatcheries, 
commercial availability of high-protein shrimp feed and introduction of water aeration 
technology.
Subsequently, the growth of the shrimp market has been the main driving force 
promoting rapid expansion of shrimp farming throughout the country. Shrimp farming 
peaked during the boom period from 1986 to 1992 with the rapid development of 
intensive tiger prawn farming while banana shrimp farming dramatically declined. 
Initially, shrimp ponds were constructed close to, or within, the mangrove area to obtain 
wild juvenile shrimps and to facilitate pumping of seawater into and out of farms. 
However, the unfavourable conditions of acidic water due to high pyrite content and pond 
bottoms made uneven by roots led to the abandonment of numerous farms particularly in 
the upper Gulf provinces. The failure of shrimp ponds in mangrove areas initiated shifts 
to more suitable and productive sites in coastal provinces in the East and the South. 
Furthermore, the first epidemic of white-spot disease^® in the South at the end of 1994 
caused a massive fall in production. But this phenomenon induced the expansion of 
farming areas in order to compensate for the decline in productivity. The main hubs of 
shrimp production were consequently shifted to the eastern and southern parts of the 
country. Shrimp farming provinces are shown in Figure 2.9.
White Spot Disease or White Spot Syndrome Virus (WSSV) is thought to be caused by one of several 
baculoviruses. Symptoms include shell spotting and occasionally a reddish discoloration.
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Figure 2.9 Shrimp farming provinces in Thailand (Flaherty et ah, 2000)
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In 1997, the development of inland shrimp farming at low salinity in the Central Plain 
(Suphanburi, Nakhon Fathom, Ayuthaya, Angthong, Prachinburi, Nakhon Nayok and 
Chacheongsao provinces, as shown in Figure 2.9) emerged as an alternative farming 
system. This is due to the belief that farming at lower salinity level was associated with 
lower risk of disease infection. The development of inland shrimp farming produced a 
heated debate over the environmental, social and economic implications of the activity 
because this area is the most intensive and productive area for rice cultivation. Following 
the debate, the inland shnmp farming has been banned due to its potential negative 
environmental impacts.
Figure 2.10 schematically presents the history of shrimp farming development in 
Thailand. It can be seen that Thailand has gone through not only successes but also 
failures, so called the ‘boom and bust’ cycles with a very high production followed by a 
sudden collapse caused by outbreak of disease associated with poor water quality 
management. The post-collapse periods in the boom and bust cycles have been used to 
search for a more effective and sustainable way to farm shrimps.
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‘Better and Sustainable 
Management Practices’
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Laboratory development of shrimp culture through
- Scientific experiments
- Trial and error at farm level 
Extensive shrimp farming
Main species cultured was banana shrimp {Penaeus merquiensis)
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Ban of inland shrimp farming 
Attempts to find new farming techniques
Searching period (1996-1997)
Inland shrimp farming development
Transitional period I (1980-1986)
Extensive banana shrimp farming 
Development of semi-intensive shrimp farming 
Signs of shrimp farming deterioration in Taiwan
V
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Boom period (1986-1992)
Taiwan technology transfers 
Rapid development of intensive tiger shrimp 
(Penaeus monodon) farming 
Banana shrimp farming dramatically declined 
Signs of shrimp farming deterioration in the 
Upper Gulf Provinces 
Shrimp farming boom in Eastern Provinces and 
along eastern coast Provinces of the South 
Signs of water quality problems
--------------------------   y
Bust period (1992-1996)
Outbreak of shrimp diseases 
Shift to other parts of Thailand
V
Figure 2.10 ‘Boom and Bust’ cycle of shrimp farming development in Thailand (adapted 
from Nissapa and Boromthanarat, 2002b)
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Following the overall current of shnmp aquaculture development, the next sections give a 
brief introduction to the principal processes of shrimp farming production. Different 
intensive farming systems being practised in the country during this study are 
subsequently described so as to provide the background information of various shrimp 
production chains.
2.5 Development of Intensive Farming Practices
Extensive and semi-intensive farming have become less attractive for shrimp farmers as 
the yield and benefits are relatively low when compared with intensive farming. 
Intensive farming is nowadays the most widely used shrimp aquaculture system, 
practised by 79.2% of the shrimp faims in Thailand (20,027 farms in the area of 71,887 
ha) and accounts for 96% of the total production (Department of Fisheries, 1993; 1995).
Owing to the experience gained from the boom and bust cycles, farming techniques and 
management strategies are very dynamic and tend to be developed and improved 
continuously in response to the changing environmental, economic and social conditions. 
Nevertheless, within intensive fanning systems, there is a high diversity of farming 
techniques and management strategies, the choice of which is very much dependent on 
the farmer’s preference, knowledge, investment capacity and shrimp price in the market 
although it is also influenced by size of farm, its characteristics, location and features of 
surroundings. In addition, the management strategies in each crop production and 
individual pond depend upon environmental conditions of the pond which are strongly 
related to weather conditions in a particular geographical area.
Some of the intensive shrimp farming techniques being practiced in Thailand at the time 
of conducting this study are described in the following sections.
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2.5.1 Conventional intensive farming system
Conventional intensive farming is fundamentally based on water exchange with external 
fresh water; thus it is also called ‘open system’, and has a high rate of water exchange (at 
least 30% per day). The ponds are managed at high stocking rate as well as other input 
factors aiming for high productivity. Re-stocking of post-larvae may be applied to ensure 
a sufficiently high survival rate and productive capacity. Other associated problems 
include: demand of a large daily water exchange to maintain water quality; ecological 
stress created by overcrowded conditions that may lead to a disease outbreak; and high 
capital investment as a result of higher demand for inputs.
2.5.2 Adapted intensive farming system
Due to the belief that a disease outbreak is triggered by infection from contaminated- 
water outside the farms, an ‘adapted’ intensive farming system by minimising water 
exchange has been developed. A semi-closed or closed system with reduced or no 
external water exchange is applied so as to reduce the amount of water used for crop 
production. The reduced usage of water also implies reduced wastewater generated 
during the culturing period and after harvesting. Alternatively, water is reused or 
recycled for the next crop to reduce the use of water. Nonetheless, it is worth noting that 
the practices of closed- and semi-closed systems require a large area for use as a water 
settling pond to physically treat wastewater discharged from shrimp ponds before using 
the water for farm activities.
2.5.3 ‘Responsive’ intensive farming systems
2.5.3.1 Low-salinity farming
Low-salinity farming, i.e. shrimp farming in freshwater areas, has emerged as a result of 
disease outbreaks, the failure of shrimp ponds in mangrove areas and the shortage of 
suitable land. The technique is to farm shrimps in low salinity water, either by mixing
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seawater with freshwater or mixing freshwater with salt, starting in freshwater areas and 
later on expanding into coastal zones. This is feasible because black tiger prawn is very 
tolerant to temperature and salinity variations (Flahertyand Kamjanakesom, 1995; 
Flaherty et al., 1999). The salinity varies between 10 and 30 %o in coastal zones, while 
the salinity of inland zones is kept between 5 and 8 %o during the culturing period and 
reduced to almost zero at the time of harvest (Samabuddhi, 1999). In 2001, the area 
under inland shrimp farming expanded rapidly in 14 provinces in Central Plain to a total 
area of 11,200 ha. Again, such practices have been prohibited in the central areas where 
rice is cultivated, due to the potential negative effects of shrimp farming activities.
2.5.3.2 Shrimp-mangrove farming
The attempt to integrate mangrove with shrimp farming into an ecologically friendly 
shrimp farming system is due to the capacity of mangrove plants to act as a bio-filter for 
discharges from shrimp ponds. Having the mangrove plants as a buffering zone can 
improve the quality of effluents. Nevertheless, the filtering capacity of mangroves will 
be successfiil only if the number of ponds is not too high and the ponds are located either 
towards the landward edge of the mangrove forest or on terrestrial areas. Robertson and 
Phillips (1995) have suggested that the ratio of mangrove areas to shrimp ponds has to be 
at least 22 to enable sufficient filtering of the nitrogen and phosphorus loads from 
intensive farming.
2.5.3.3 Probiotic farming
The concept of probiotic farming has been developed by a feed and chemical company in 
Thailand, to respond to the problems associated with chemical and antibiotic 
contamination in shrimp products. The concept of probiotic farming is to utilise 
microbes (i.e. probiotic bacteria) to influence the species compositions of microbial 
communities in shrimp ponds. Changing ecological conditions in the pond induces a 
change in species dominance from pathogenic to beneficial bacteria, enabling more rapid
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waste degradation. Through such mechanism, the water quality and environmental 
conditions in the pond are maintained.
2.5.3.4 Biological farming
Biological farming aims to apply biological management strategies in order to minimise 
chemical usage and negative environmental consequences. Veterinary drugs, identified 
by Department of Fisheries, can be used only for treatment of diseases and the use of 
medication for prophylactic purposes is eliminated. The chemicals are replaced by 
biological extracts , due to a concern over the chemical residues in final products. 
Seaweed, algae, or mangrove plants are used to filter organic pollutants in the wastewater 
released from shrimp ponds before discharging into common waterways. However, the 
stocking rate of biological farming is still high and other input factors are still at the same 
level as intensive farming.
2.5.3.5 Ecological farming
Ecological farming embodies the principle of raising shrimps in the best possible 
surroundings, as close as possible to the conditions under which they live in nature, with 
no use of chemicals. Optimisation of input factors (such as stocking rate and feeding 
rate) and the good management systems of both internal and external environmental 
conditions are the key principles of management strategies to maintain the pond quality.
2.5.3.7 Organic farming
The main principles of organic shrimp aquaculture, following the basic IFOAM 
(International Federation of Organic Agriculture Movement) standard, cover the 
conversion to organic aquaculture, basic conditions, location of production units, location 
of collecting areas, health and welfare, breed and breeding, nutrition, harvesting.
" Biological extracts are prepared by mixing various kinds of local vegetables or fruits (such as pineapple, 
banana buds, morning glory, etc.) with molasses.
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transportation of living marine animals and slaughter (IFOAM, 2000). According to the 
IFOAM basic standards for organic production and processing, the general principles for 
organic aquaculture production should include: encouraging and enhancing biological 
cycles in production (i.e. involving micro-organism, plants and animals); using feed 
ingredients which are not appropriate for human food; using a wide range of methods for 
disease control; prohibiting synthetic fertilisers and avoiding chemotherapeutic agents; 
and providing poly-culture where possible. In Thailand, the basic feature of farms being 
converted to orgamc production is to operate at lower stocking density (not more than 
312,500 post-larvae/ha) with best available organic inputs and complete elimination of 
chemicals and antibiotics.
Development of organic shrimp farming is still in the early stage. The basic IFOAM 
standard has been generally accepted but all requirements have not yet been achieved at 
this stage. The critical compliance issue is to eliminate completely all usage of 
chemicals. Effective micro-organisms, both from commercial products and biological 
extracts produced on-site, are used instead of chemicals. However, the organic shrimp 
feed is still a major obstruction. Research is being conducted to substitute fishmeal by 
plants but it is not yet clear if it provides adequate shrimp nutrition or acceptable organic 
loads to wastewater. However, the practical approach to implementing organic shrimp 
production is being developed in consultation with shrimp farmers and aquaculturists.
2.6 Concluding Remarks
Shnmp aquaculture in Thailand is continually improving. Thai shrimp farmers have 
invented and implemented vanous innovative farming technologies and management 
strategies, to respond to changing socio-economic conditions and to minimise 
environmental impacts aiming for more sustainable management practices. However, the 
level of sustainability of various farming systems has not yet been assessed in any detail. 
Therefore, the sustainability issues associated with shrimp aquaculture production 
systems as well as comparison of different farming types, related to their environmental.
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social and economic performance have been investigated in this study and are discussed 
in the rest of this dissertation.
The next chapter describes the activities involved in shrimp aquaculture production using 
the life cycle perspective. Following the description of the life cycle stages in shrimp' 
production, the principal sustainability issues associated with different stages in the life 
cycle of the shrimp aquaculture production system including factors influencing the 
further development of shrimp industry in Thailand are discussed in Chapter 4.
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The Life Cycle of the Shrimp 
Aquaculture Production System
The life cycle o f the shrimp aquaculture production system involves capture o f wild 
broodstock by trawler; culturing o f larvae at hatchery; culturing o f post-larvae to adult 
shrimps at farm; shrimp processing; distribution o f shrimp product; consumption; 
management o f waste including sewage treatment; and transport in all stages.
The life cycle of the shrimp aquaculture production system in Thailand is described in 
this chapter to provide an overview of the activities involved in producing and delivering 
shrimp products to consumers. The principal life cycle stages considered in this study are 
as follows (Figure 3.1):
• trawling (capture of wild broodstock by demersal trawlers);
• hatchery (culture of larvae by hatchery operators);
• farming (culture of post-larvae to adult shrimps by shrimp farmers);
• harvesting (collecting the yield by harvesters);
• buying adult shrimps at farm sites and selling shrimps at the central shrimp
auction market^^ (by middlemen or brokers);
• buying shrimps for further processing into final shrimp products (by processors);
• transport overseas by sea (by oceanic fi*eighters);
• distribution (transporting products to wholesalers/retailers by refrigerated trucks);
• consumption (food preparation and cooking); and
• waste management including sewage treatment.
The main central shrimp auction market of the country is located in Mahachai district of Samut Sakom 
province. The other two shrimp central markets, in the south of Thailand, are in Pak Phanang district of 
Nakhon Si Thammarat province, and Phun Phin district o f Surat Thani province.
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Transport of wild broodstock from shore to hatcheries
Transport of post-larvae from hatcheries to farms
Transport of chilled shrimps from farm to the central shrimp auction 
market, and from the market to the processing plant
Transport of shrimp product from the processing plant to the port
Transport of shrimp products to wholesalers/retailers
Consumption
Shrimp processing
Culturing of larvae at hatchery
Trawling for wild broodstock
Distribution of shrimp products
Waste management and sewage treatment
Culturing of post-larvae to adult shrimps at farm and harvesting
Figure 3.1 Principal flow chart of the life cycle of the shrimp production system
The following sections give a brief description of each of the above stages in the shrimp 
production chain.
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3.1 Trawling for Wild Broodstock
In Thailand, the most common trawlers used for catching shrimp wild broodstock are 
bottom-beam and bottom-otter trawlers. It is also common that shrimp broodstock 
trawling is operated coupled with fish trawling, which means that both types of trawlers 
(trawling activities???) use the same machinery. In other words, trawlers make alternate 
hauls for shrimp or fish trawl during operation at sea. In this study, bottom otter trawling 
has been used as an example of trawling for shnmp broodstock. An otter trawler is 
shown in Figure 3.2. The main feature of this type of trawler is an otter board at each 
wing to give a horizontal spread of the net mouth. The otter boards stretch the two wings 
of the trawl so as to increase the covered area as the trawler is moved along the seabed to 
catch fish and shrimp. The fish and shrimp captured in the net are held in the cod-end.
Figure 3.2 Features of bottom-otter trawler (Ziegler, 2004)
Chokesanguan and Masthawee (2001) reported that the power rating of engines used by 
trawlers can be low (22 kWh), medium (89 kWh), or high (224 kWh or more). However, 
the trawlers are different; the average mesh size of a fish trawler is 6 to 12 cm while that 
of a shrimp trawler is 4 to 5 cm. The depth of shrimp trawling is about 60 to 100 meters 
and the operation takes about 1.5 hours for each trawl, whilst the depth of fish trawling 
operation is around 30 to 100 meters and the operation is approximately three to four
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hours for each trawl. Once captured, the broodstock is initially stored in foam boxes 
which are oxygenated. The broodstock is subsequently moved from the fishing vessel to 
a speedboat which takes it to shore and it is then delivered to the hatchery site by a pick­
up van.
3.2 Hatchery
The biological life cycle of shrimp, previously shown in Figure 2.4, starts when the first 
larval stage of eggs transform to nauplii after one day of hatching. The nauplii feed on 
their reserves for a couple of days. Thereafter, the nauplii metamorphose into the second 
larval stage, zoea, with the main features of feathery appendages and elongated bodies. 
They feed on microalgae, and this stage lasts for three to five days. Then, the zoea 
transform to the final larval stage, myses, with segmented bodies, eyestalks and shrimp­
like tails that are the characteristics of adult shrimp; in this stage, they still feed on 
microalgae. After three or four days, myses change to post-larvae. Farmers refer to post­
larvae as "PLs", and the moult stages are numbered as PL-1 (one day after hatching), PL- 
2 (two days after hatching), and so on. The post-larvae feed on zooplankton and detritus.
At the hatchery, ponds and all equipment are cleaned using disinfectants^^ and left to dry 
for at least seven days before starting a new crop production. Seawater is pumped 
directly from the sea and filtered through a three-layer filter. Before using the seawater 
for hatchery activities, disinfectants are added into the water to ensure its quality. Most 
hatcheries use broodstock brought from the South. Once the broodstock arrives at the 
hatchery site, its health is thoroughly examined and graded. Healthy broodstock is 
acclimatised in hatching ponds and unhealthy/bacterial-infected broodstock is separated 
into another acclimatisation pond. Shrimps which are not ready to spawn are transferred 
to a separate acclimatisation pond where they are fed with sandy barnacles and squid 
until they reach hatching time, which can take more than one week, depending on their
Disinfectants used for water treatment include formalin, chlorine or commercial disinfectants such as 
Benzakonium chloride (BKC) solution.
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physiological status. Shrimps which are ready to hatch are induced to spawn through 
photoperiod manipulation^^. Each broodstock produces between 50,000 and 1,000,000 
eggs. After hatching, the broodstock is taken back to the acclimatisation pond and the 
eggs are transferred to nursing tanks with aeration systems. Approximately 24 hours 
after the eggs have been released, they hatch into nauplii. The survival rate of the eggs 
varies fi^ om 40% to 90% (this study). Feeding starts after nauplii transform into the zoea 
stage. The feed used is a combination of microalgae, artemia cysts and commercial feed. 
Water exchange is carried out only if necessary, for instance, at poor water quality 
conditions. Aeration systems are applied all the time, except during feeding. Broodstock 
is normally used more than once; for the second spawning, maturation is normally 
induced by the unilateral eyestalk ablation techmque^^. The hatchery production cycle 
normally takes about 20 to 30 days.
PL-15, about fifteen days after hatching, are preferred as it is at this stage that the post­
larvae are capable of adapting themselves to the pond conditions at the farm. It is 
common that shrimp farmers will visit a hatchery before purchasing stock to check the 
health of the post-larvae. After purchase, the post-larvae are packed into plastic bags 
with enough water to allow them to move freely (not more than 1,500 post-larvae per two 
litres water in one plastic bag) and put in foam boxes, with sufficient oxygen supply 
during the transport from hatchery to farm.
3.3 Farming
At the farm, as described in Chapter 2, the shnmp post-larvae transported from the 
hatchery are acclimatised to the pond’s environmental conditions and stocked into the
The manipulation of light/darkness cycles to induce the embryonic development, such as the cycle of 10 
hours of light and 14 hours of darkness.
Unilateral eyestalk ablation is an incision across the eye ball to stimulate the reproductive system and 
induce maturation for the second hatching.
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ponds. A feed with high protein or fresh fish^  ^ are mainly used for growing shrimp. 
During the culturing period, paddle-wheel and air-jet aerators are used to maintain 
oxygen levels in culturing ponds and to help congregate the sludge into the central area of 
the pond to sustain optimal environmental conditions for shrimp growth. Water 
exchange and application of chemicals are used to maintain water quality in the pond. 
The feed left in feed inspection trays is used as an indicator for feeding management, to 
adjust the amount of feed supplied in the next feeding cycle. The shrimp health is also 
inspected by checking the physical characteristics of shrimps captured in the feed 
inspection trays.
The shrimp production cycle from post-larvae to market size normally takes about 120 
days. Once the shrimps are ready for harvesting, brokers come to the farm site and 
shrimps are sold by auction alongside the ponds on the harvest day. The shrimps are 
priced based on their sizes, and the price is based on the average size of the shrimps in 
the pond calculated from random size checking. Size is measured as number of shrimps 
per kilogram, and the price is guided by the latest shrimp price from the central shrimp 
auction markets. Draining water out of the pond through a net is a typical harvest 
method. Accumulated sludge is removed from the pond after harvesting for a number of 
production cycles; turmng over the bottom soil layers for drying the ponds between crops 
is commonly practised. The removed sludge can then be used as fertiliser for fruit 
cultivation, added to eroded pond walls or road construction at the farm itself. Among 
medium- and large-scale farms, it is common to hire a harvesting team (harvesters) for 
harvesting the yield; the harvesters are normally organised by the broker that was 
successful at the auction in buying the crop to be harvested. For small-scale farms, the 
harvesting is usually done by a family together with their relatives.
Fresh fish used for growing shrimps is a low-value fish which is normally the non-target species caught 
by trawlers.
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After being harvested, the shrimps are collected and immediately put into icy water to 
preserve their freshness. Sizing can then be performed and the shrimps are subsequently 
transported directly to the processing plant or to the central shrimp auction market. At 
the central auction market, major quantities of shrimps are further distributed to 
processing plants and only a minor proportion is sold to domestic markets.
3.4 The Central Shrimp Auction Market
Selling and buying shrimps by auction takes place at the main central auction market in 
Mahachai. There are more than 50 agencies associated with this market, providing 
services for others who sell and buy shrimps. Most of the agencies are also the brokers 
who collect and take the harvested shrimps fi*om the farms to the market. The brokers 
play a very important role in the shrimp marketing system by collecting shrimps of 
specific sizes from several farms, thus accumulating larger volumes of the sizes of 
shrimps required by processors of specific shrimp products. The sequence of bids at the 
market can be started by middlemen and/or other buyers (such as the purchasing 
department staff of shrimp processing plants, or shrimp buyers for domestic sale) asking 
for specific sizes of shrimps; some buyers additionally require a test of the shrimp 
flavour. The price will be given immediately afterwards, and the sale goes to the one 
who offers the highest price. Prices from the previous day are normally a guideline for 
estimating bid values. Nevertheless, the amount of money to be handed over can be 
influenced considerably by the size required by the processors.
3.5 Processing
There are various kinds of final shrimp products: frozen, ‘ready-to-cook’, and value- 
added (i.e. ‘ready-to-eaf ). From the total exported, the most significant of the various 
types is frozen shnmp (65% of the total annual export by mass), whereby the shrimp is 
processed into frozen blocks of shrimp or Individual Quick Frozen (IQF) shrimp.
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Figure 3.3 shows the typical method for processing frozen shrimp into a block form. Thé 
purchasing department of a processing plant normally buys shrimps at the central auction 
market in the early morning, after which they are stored in a chilled room at a 
temperature of below 10°C. It is a normal practice to produce the block frozen-shiimp 
product within one or two days after the purchase, for a good quality of product. The 
production process starts with de-heading of the chilled shrimps. After de-heading, the 
shrimps are checked to ensure their quality, weighed and then washed twice with cool 
water for cleaning. They are sized into 31 to 40, 41 to 50, 61 to 70 and 71 to 80 
categories (representing the number of shrimps per kg). Shrimps of the same size are put 
together into containers of icy water. After sizing, the shrimps are defrosted and washed 
again, twice, to ensuring their cleanness before weighing them into 1.8 kg portions. The 
weighed shrimps are subsequently formed into blocks. Ice is used for chilling the 
shrimps during the process as necessary; for example, ice is put on top of the shrimps 
waiting for de-heading, sizing or forming into blocks. Clean cool water is added to the 
blocks and a plastic sheet is placed on the surface of the water on the upper side of the 
block. Afterwards a metal plate is put on top of the block to ensure that air is excluded 
from the block. Next, all blocks are put into a freezer for at least 3.5 hours. The frozen 
blocks are removed from the freezer, and the production is completed by wrapping each 
block in a plastic bag and placing six blocks together in a carton box. The final products 
are stored in the cold storage room for subsequent transport to a shipping company.
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Received shrimps from Mahachai Shrimp Auction Market
V
Cleaning
a
Storage at the chill room 
De-heading (chilling by ice during the process)
n
Checking and weighing
IL
Washing by cool water (twice)
a
Sizing (chilling by ice during the process)
Soaking in icy solution 
De-icing in water and washing 
Weighing
Laying shrimps into block (chilling by ice during process)
a
Adding water to block, covered by a plastic sheet 
Freezing
a
Block removal
Ü
Packaging
d
Cold storage
Figure 3.3 Typical processing method of frozen shrimp product into a block form
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3.6 Transport Overseas
The major importing countries of Thai shrimp are USA and Japan. Another high 
potential market area which requires premium quality shrimp are the countries of 
European Union. The shrimp is normally transported in 20-feet (6 m) or 40-feet (12 m) 
Transport Refrigeration Unit (TRU)^  ^containers with low-temperature control during the 
transport by sea. Exporting to Japan takes about 7 to 10 days, while exporting to the 
USA and EU takes about 25 to 30 and 30 to 45 days respectively. When the vessel 
reaches the destination port the containers are unloaded and product samples are 
inspected for quality and food safety. Each importing country has its import control 
measures which are based on national and international regulations.
3.7 Distribution to Consumers
The shrimp can be shipped from port to port or from port to door, depending on clients’ 
preference and agreements made with the transport and shipping companies. Once the 
shrimp arrives at the destination, it will be kept at the refrigerated warehouse until 
collected by importers (importing companies or wholesalers). The shrimp is noimally 
kept in the warehouse for a maximum of seven days, as the demurrage rate is charged for 
storage at the port if not removed within seven days. The distribution of shrimp products 
to consumers is done via wholesalers and retailers by the use of refrigerated trucks. It is 
common that the products are stored for a period at wholesalers before further transport 
to retailers. Furthermore, the shrimp products are normally again stored at the retailers 
before being sold to consumers. However, the storage at wholesalers and retailers is kept 
to a minimum to maintain and deliver good quality shrimp products for the consumers.
17
Refrigeration systems powered by diesel engines designed to refrigerate temperature-sensitive product; 
the capacity of 20-feet and 40-feet containers is approximately 21,800 and 21,635 kg, respectively 
(http://www.oceanfreight.com).
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3.8 Consumption
Shrimp products are displayed on shelves in supermarkets and served in shrimp dishes in 
restaurants. At home, the frozen shrimp product might be kept in the freezer for a day or 
two days before being used in the preparation of food.
3.9 Waste Management
The wastes generated from the final shrimp consumption are shrimp shells and 
packaging. The management of the waste depends upon the country of destination. The 
plastic bag may be disposed by landfilling or incinerated. The paper box might be fully 
or partially recycled and the remaining waste landfilled or incinerated. The food waste 
might be composted or disposed in a landfill. In addition, shrimp consumption could 
cause additional burden for sewage treatment particularly with respect to nutrient loading 
to sewage treatment systems.
Thus, to summarise, the life cycle of shrimp production chain starts with trawling for 
wild broodstock to produce post-larvae at hatchery. The post-laiyae are then transferred 
to the ponds at a farm for growing the adult shrimps. These are further processed to 
block-frozen shrimp at processing plants, to be delivered to the country of final 
consumption by a refiigerated container ship. The shrimp products are distributed 
through wholesalers and retailers by refrigerated trucks. Consumers can buy shrimps 
from supermarkets or restaurants. The final consumption of shrimp products generates 
some wastes that need management and final disposal. For the whole life cycle 
production chain, it normally takes about 30 days for shrimp trawling, about 20 to 30 
days for post-larvae production, approximately 120 days for farming, two or three days 
with the harvesters before transportation to the shrimp central auction market and one or 
two days for processing. After that, the shrimp product can be stored at the processing 
plants which can take from one day to one month before being transported to a particular
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destination; the transportation time depends on the destination country. For example, 
assuming an average ship speed of 13.8 mile/hour, from Bangkok it will take 
approximately 32 days and 7 hours to London, 27 days and 11 hours to Seattle and 10 
days and 10 hours to Tokyo. At the destination, the shrimp product might be stored at the 
port for about seven days before being shifted to wholesalers and on to retailers. The 
distribution process from wholesalers to retailer and from retailers to consumers might 
take a few days, depending on the distances from the port to wholesalers, and between 
wholesalers and retailers, and on the actual storage time at wholesaler, retailer and at 
home before cooking. Altogether, it can take up to 200 days to produce and deliver the 
shrimp products to consumers.
It can be seen from this overview that there are various types of activities involved in the 
shrimp aquaculture production system. This includes not only the main activities related 
to the production as such, but also the activities related to the extraction and processing of 
input materials supporting the entire life cycle production chain as well as stakeholders 
involved in the shrimp production and marketing systems. Identifying these activities has 
provided the basis for the understanding of how shrimp products are produced and 
delivered to consumers. Following this introduction to the shrimp aquaculture supply 
chain, the next chapter attempts to describe the principal sustainability issues associated 
with the shrimp industry.
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Sustainability Issues Associated with 
the Shrimp Aquaculture 
Production System
Continual improvement o f culturing techniques and pond management strategies, 
coupled with implementation o f environmental and food safety management standards 
are implemented to promote sustainable development o f  the shrimp farming industry in 
Thailand: however, the progress towards sustainability has not yet been assessed.
This chapter discusses environmental, economic and social issues associated with 
different stages in the life cycle of the shrimp aquaculture production system. Other 
factors governing development of the shrimp industry such as institutional, legal and 
marketing factors are also analysed to give a better understanding of the dynamic nature 
of this sector in Thailand.
4.1 Introduction
The sustainability of the shrimp farming industry has been a subject of controversy and 
debate at local, national and international levels. The shrimp aquaculture industry brings 
substantial socio-economic benefits to producers. However, these come at a significant 
environmental cost. Encouraged by increasing shrimp consumption, shrimp farms are 
expanding which, together with intensive farming practices, leads to higher demands of 
natural resources and larger amount of wastes released into the environment. Such 
effects associated with shrimp farming are also accompanied by a range of social and
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economic impacts. Negative social consequences especially to local communities have 
been discussed intensively by various interested parties, particular whether the economic 
benefits from exporting shrimp overseas can compensate for the associated 
environmental and social costs. Environmental as well as socio-economic considerations 
have become critical for further development of the shrimp farming industry. Therefore, 
understanding and addressing these issues is paramount for the sector.
Several associated organisations have been driving the industrial transformation that 
would support sustainable development of shrimp aquaculture. Such organisations 
include the Food and Agriculture Organisation of the United Nations (FAG), South East 
Asian Fisheries Development Centre (SEAFDEC), Network of Aquaculture Centres in 
Asia-Pacific (NACA) and Department of Fisheries (DCF) of the countries where shrimp 
farming is practised. However, the problems associated with shrimp farming have often 
been approached by focusing on a single issue only, rather than taking an integrated and 
systemic view of the whole industry.
The absence of holistic analysis of the industry results in the lack of cooperative interests 
and coordination among institutions, leading to ineffective policies to guide and 
implement the move towards sustainable development. As a result, the transformation to 
a sustainable shrimp aquaculture industry has not been achieved yet. The main aim of 
this work has therefore been to take a broader, systems approach to identify the main 
sustainability issues associated with different stages in the entire life cycle of the shrimp 
aquaculture production system. , Stakeholders are obviously involved in this 
transformation, therefore their roles are first discussed to give a basis for understanding 
the linkages within and between the overall shrimp industry organisations in Thailand.
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4.2 Shrimp Stakeholders
From the description of the life cycle of the shrimp production system given in Chapter 3, 
it is obvious that a wide range of stakeholders are involved in the supply chain. Their 
roles and functions in the sector are summarised in Table 4.1, and their linkages are 
schematically shown in Figure 4.1.
The development of industrial shrimp aquaculture is predominantly driven by increasing 
consumption especially in the countries that import shrimp products. Consumers, whose 
purchases provide the stimulus for higher production, also play an important role in 
directing changes in aquaculture products and hence in aquaculture production practices, 
based on their changing consumption styles and preferences that might in turn be 
influenced by media or NGOs.
For export-oriented shrimp production, traders/exporters including wholesalers and 
retailers are significantly involved in marketing systems by delivering products from 
local producers to overseas consumers. The wholesalers/retailers, who are closely 
connected to consumers, have advantages in terms of the flexibility to respond to 
changing market conditions. In contrast, the changing market requirements can have a 
large impact on any local producers who are insufficiently flexible to adjust their 
production methods and practices as required. Not only the product specification but also 
the production volume is important for producers to maintain their position in the 
markets. Development of new products so as to access potential markets is another 
strategy among competitive processors. Furthermore, distinguishing between different 
products, not only in terms of quality assurance (i.e. freshness, food safety, taste) but also 
social responsibility and environmental sustainability through certification schemes, has 
become a marketing factor and is likely to be brought into international trading (Young, 
2002).
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Table 4.1 Roles of different stakeholders in the shrimp farming industry
Shrimp stakeholders Roles in the shrimp farming industry
Policy and decision makers:
Department of Fisheries; Office of the National 
Economic and Social Development Board; Office 
of Environmental Policy and Planning, etc.
Involved in the development, operation and 
control of shrimp farming activities
Researchers:
Department of Fisheries; universities and research 
organisations; private companies
Doing research and development on shrimp 
farming techniques and management strategies 
and transferring the knowledge to shrimp farmers
Shrimp producers:
Hatchery operators; farmers, families; harvesters; 
processors and their staff; private companies
Producing post-larvae to support the production at 
farm and further processing to final shrimp 
products
Shrimp associated industries:
Trawler operator and fishermen; feed mills; aerator 
manufacturers; packaging-material producers, etc.
Supplying inputs required for shrimp production 
processes
Brokers or middlemen Collecting shrimps from farm to the auction 
markets or processors
Bank or commercial institutions Providing financial credits and loans to producers
Local people Directly gain benefits as well as suffering from 
negative impacts that may arise as a consequence 
of the shrimp aquaculture production activities
Traders:
Thai Marine Shrimp Farmers Association; Thai 
Frozen Foods Association; and Black Tiger 
Shrimp Farmers Producers and Exporters 
Association, etc.
Trading shrimp products
Wholesalers and retailers: Delivering shrimp products to consumers
Consumers Supporting the industry and shaping the product 
types and hence the production methods required
Media and Non-profit Governmental 
Organisations (NGOs)
Campaigning particularly on the environmental 
issues associated with shrimp farming activities
48
•§
K
I
I
I
T3
O"
WN §<=> SO
cr
4
CZ)
00
5
Chapter 4 Sustainability issues associated with the shrimp aquaculture production system
Farming is the most critical stage of the whole production chain, supplying raw materials 
(harvested shrimps) to the processors. The connections between farms and processors are 
made through middlemen/brokers, who play a very important role in collecting harvested 
shrimps from farms and transport them to the auction markets for onwards sale to shrimp 
processors (Nissapa and Boromthanarat, 2002a). The production volume at farms is 
linked to the support capacity from associated industries particularly from input suppliers 
(i.e. hatcheries, feed mills, chemical producers, aerator manufacturers, etc.). This is also 
limited by the assimilative capacity of the ponds, the farm environment and off-faim (i.e. 
ambient) ecosystems to support the production systems. Researchers give strength to the 
industry by contributing knowledge in terms of production techniques. Apart from the 
farming techniques and pond management strategies, financial credits from commercial 
institutions are also necessary to support the investment especially in the m ain production 
units (hatchery, farm and processing).
In Thailand, the large Thai multinational Charoen Popkpand (known as CP) Group has 
been very active in directing the shrimp farming industry (Edgerton and Owens, 1999). 
Apart from being the largest feed mill and chemical manufacturer supplying shrimp 
farmrng in the country, the company also has many associated hatcheries, farms and 
processing plants throughout the country. Through exclusive control of the supply chain, 
the company has played a major role in the development of the sector. Nevertheless, 
governmental organisations have a role in formulating plans and policies to direct and 
support the industry’s growth, as well as in regulating and controlling the shrimp farming 
operations.
It can be seen that each stakeholder is associated with certain environmental, economic 
and social issues. The long-term sustainability of the shrimp business is strongly related 
to the consumer expectations and acceptance in shrimp products as well as the production 
capacity of producers to meet the requirements from consumers. At the same time, the 
need for sustainable development is being the issue of concern for most stakeholders
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(FAO, 1997b; NACA, 2002). However, the lack of understanding sustainability issues 
and how to overcome them is still an impeding factor for sustainable development to the 
sector. Most of consumers still do not have a clear idea of the whole supply chain which 
is rather long and complicated, so they have little understanding of the consequences of 
their consumption. The sustainability, issues associated with the shrimp industry in 
Thailand are therefore discussed in the following sections.
4.3 Environmental Issues Associated with the Shrimp Production 
Systems
This section gives an overview of environmental issues associated with shrimp 
production, prior to a more detailed discussion in Chapter 6 of environmental impacts 
quantified using LCA. The main environmental issues include the use of natural 
resources and energy, impacts on aquatic ecosystems and biodiversity loss.
4.3.1 Use of natural resources
Aquaculture has become a widely practiced alternative to marine capture fisheries for 
providing the increasing global demand for the shrimp product. However, there is a great 
concern over whether the natural resources required for shrimp farming are being used 
sustainably. The use of the following natural resources in shrimp farming represents 
particular concerns.
4.3.1.1 Use of wild broodstock
The development of larval culture in hatcheries provides a great advantage in terms of 
higher stocking density that allows large-scale production at farms. However, the higher 
stocking density employed in intensive farming practices stimulates the more extensive 
collection of wild broodstock, which is the most essential raw material for the hatchery 
production system. The main environmental criticism here is related to the use of ‘ready-
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to-spawn wild broodstock that has a great potential ecological impact in reducing marine 
shnmp stocks. The large number of wild broodstock used for producing post-larvae 
might lead to a shortage in supply, and this also has a tendency to affect adversely wild- 
caught shrimp fisheries. More often, the second stocking is undertaken because of the 
poor performance of post-larvae in ponds, i.e. low survival rate. As a result, hatchery- 
reared post-larvae are in higher demand thereby increasing the harvesting of wild 
broodstock to supply the hatchery production system accordingly.
4.3.1.2 Land use
The area used for shrimp farming was increased fi*om 71,887 ha in 1995 (Department of 
Fisheries, 1995) to 175,570 ha in 2001 (Department of Fisheries, 2004). The issue of 
land use associated with shnmp farming are related to the expansion of shrimp farms into 
several land types. The rapid growth of the shrimp farming business resulted in the 
conversion of several land types into shnmp ponds including mangrove areas and rice 
paddy fields. The misunderstanding of the suitability of land properties for farming 
shrimp in mangrove areas and rice paddy fields in the past had significant social and 
environmental consequences for the local commumties, including the disturbance of the 
ecosystem that supports their livelihood. Destruction of fishing grounds and nursing 
areas, degradation of soil fertility and loss of biodiversity exemplify such ecological 
impacts as a result of the conversion of mangroves to shrimp ponds (Menasveta, 1997). 
The potentially high effect of salinisation of soil and water, as a result of the mixing of 
concentrated seawater with freshwater for inland shrimp farming in the land areas 
formerly used as rice paddy fields, resulted in reduced soil fertility for cultivating rice 
(Flaherty et al., 2000).
Another issue associated with the land use problem is related to the abandonment of 
shrimp farms, mainly driven by economic profits and pollution problems. When 
comparing shrimp aquaculture to agriculture, the yield from agriculture are much higher
52
Chapter 4 Sustainability issues associated with the shrimp aquaculture production system
(for instance, 1,956 kg of rice/ha and 505 kg of shnmp farmed by using intensive 
system/ha) but the higher profit of shrimp production (for instance, $US 1,295/ha in 
shrimp aquaculture compared to only $US 41.5/ha of rice cultivation) (Michielsens,
2000)^^ thus inducing the conversion of agricultural land to shrimp ponds. Short-term 
exploitative economic gain is often evident especially where outside investors are 
involved. More often, farmers have to leave the business as a consequence of 
unsuccessful production of a previous crop caused by disease outbreak or poor pond and 
farm management. In some cases, unsustainable aquaculture practices are a result of a 
lack of knowledge in culturing the shrimp, leading to poor production so that the farmers 
decide to discontinue the farming operation. Movement to other, more suitable land 
areas, in order to escape from a particularly severe pollution problem as a consequence of 
increased number of shnmp farms in the same area, occasionally creates abandoned 
farms. Such irrational and ineffective uses of land could lead to the depletion of available 
lands for other activities, particularly for agricultural purposes.
4.3.1.3 Soil use
Degradation of soil quality after being used for shrimp farming is a concern. Throughout 
the farming process, the properties of pond soil deteriorate over time. Using ponds for 
crop production tends to deteriorate the soil quality by increasing the soil salinity level 
and reducing the level of minerals present in the soil (Towatana, 2002). After the 
harvest, fertilisers and liming materials are normally added to improve the soil quality; 
however, the soil enrichment might not return soil quality to the same level as before. 
The soil quality could remain poor long after its use for shrimp farming, thus potentially 
preventing other users from using land for other purposes.
The figures of rice are based on the selected crops in Thailand, and the values of shrimp is based on the 
calculation from the farm survey in Asia by Michielsens (2000)
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4.3.1.4 Water use
Water is used for the production activities at hatchery, farm and processing plant. The 
use of seawater for hatchery and farming production systems is not an issue of concern 
from the point of view of resource utilisation. However, using saline water in inland 
farming has a potential to cause water and soil salination, as explained in section 4.2.1.1. 
There is also a danger that groundwater reserves might be overexploited leading to a 
lowered water table level because of the heavy use of groundwater by shrimp processors. 
The impact of using groundwater for processing shrimp products is likely to be most 
evident in Samut Sakhon province where most processing plants are situated 
(Anonymous, 2003a).
4.3.1.5 Feed use
Utilisation of various natural resources for producing shrimp feed is of most concern. At 
the hatchery, concern over the feeds used is related to the use of artemia cysts to feed 
shrimp larvae. The cysts are harvested from the wild; the most abundant source is the 
Great Salt Lake, Utah in the USA as it has a unique and complex ecosystem which is 
optimal for the life cycle of artemia. Artemia cysts used by hatcheries in Thailand are 
also harvested and imported from the Great Salt Lake. A shortage in supply of the cysts 
is becoming evident in recent years as the demand for the cysts has exceeded supply; it 
has been stated that around 85% of the cysts are collected each autumn and the cysts have 
already been overexploited in the Great Salt Lake (Davenport et al., 2003). The 
increased use of artemia cysts at the hatchery could accelerate the collapse of the cyst 
stock.
Feed, used at the hatchery as well as the farm, is made of a wide range of materials. Of 
critical importance is the amount of fishmeal and fish oil in the feed. It is estimated that 
one-third of the total harvest of capture fisheries is used by the aquaculture industry 
(Naylor et al., 2000; Hardy and Tacon, 2002; Tacon, 2003). Marine fish, salmon and
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shrimp use feeds largely based on fishmeal and fish oil (Tacon, 2002; Devenport et ah, 
2003). The demand for fishmeal and fish oil has put a significant pressure on capture 
fisheries; this is the main driving force for fishermen to increase by-catch, thus leading to 
over-fishing. This in turn could cause loss of species richness and destruction of marine 
ecosystems through changing the species balance and population structure, altering 
trophic level, and eventually leading to a loss of biodiversity. Therefore, the use of by- 
catch in form of fishmeal has become contentious in terms of efficiency of resource 
utilisation and the associated impacts on marine ecosystems.
4.3.1.6 Fuel and energy use
Energy is consumed in all life cycle stages of the shrimp production system. In addition 
to the depletion of fossil fuels, the use of energy is associated with air emissions 
including greenhouse gases, ozone-destroying substances and acidification gases. The 
main energy consumers are trawlers, aeration systems and transport.
Use o f trawlers Trawlers consume a significant amount of diesel during their operation, 
ranging firom 600 to 800 litres per day. Several factors affect the diesel consumption, 
including type and size of trawler, engine power, towing speed, tidal current and 
direction, and weather conditions.
Use o f aerators Aerators are used for maintaining a sufficient oxygen level in culturing 
ponds, which supports shrimp growth and enables waste decomposition. They are also 
used to provide water circulation and to prevent water stratification in the pond. 
Excessive supply of oxygen is commonplace to accelerate waste decomposition due to 
the continuous generation of waste in the pond; however this practice does not constitute 
effective energy Use.
Transport Several modes of transport are used along the life cycle sh rimp production 
chain, helicopter, speedboat, and fiat bottom boat, pick-up van, aircraft, refi*igerated truck
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and refrigerated container ship. It is not only the amount of fuel that is being consumed, 
but also the air emissions associated with the transport that is of concern.
4.3.2 Ecological impacts
Shrimp farming has been highlighted as the major stage generating significant ecological 
impacts; some of these are discussed below.
4.3.2.1 Aquatic pollution
As many as 290 chemical and biological substances have been listed by Graslimd et al. 
(2001) was used at shrimp farms. The potential impacts of the use of chemicals are 
caused by the contaminated wastewater discharged into common waterways or the 
chemicals earned by post-larvae to the further stage of the shrimp production chain 
(farming and processing). The effluents from hatchery and farm often contain nutrients 
and algal concentrations, and thus have a potential to cause phytoplankton blooms, which 
also present a potential risk to aquatic ecosystems as well as to the nearby hatcheries and 
farms because of the loss of feed nutrients (Burford and William, 2001). This is widely 
seen as a key environmental problem in intensive shrimp farming (Lorenzen, 1999). 
About 25% to 57% of the nitrogen added to ponds is discharged (Briggs and Funge- 
Smith, 1994; Burdford et al., 2002; Burford and and Lorenzen, 2004).
Discharge of water contaminated with pathogens could transfer diseases to other farms 
through re-use of polluted water. Viral disease transmission via post-larval transfer is 
currently acknowledged as a possible route of disease introduction to farms and 
transmission between shrimp producing countries (Funge-Smith and Briggs, 1998). 
Additional potential impacts include transmission of diseases and parasites to wild stock 
and introduction of exotic genetic material to the environment.
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4.3.2.2 Salinisation of soil and water
The potential effects of inland shnmp farming on salination of surface water, 
groundwater and soil are a subject of controversy. Much of the debate surrounding this 
issue is focused on the high salinity of inland areas abandoned after being used for 
shrimp ponds, making the land unsuitable for most kinds of plants. Braaten and Flaherty 
(2000) modelled the salt balance for a typical shnmp pond over one crop production 
cycle in Chachengsao province and reported that 38% of salt is lost through seepage and 
33% through pond discharge, while 6% accumulates in the pond sediment; the remaining 
23% of the initial salt content could be recycled by reusing the water after the harvest. 
Even with some mitigation measures, such as construction of ponds on impermeable soil 
with soil compacting to minimise the salt loss, the salt contamination is not completely 
avoidable. Saline soils can also contaminate surface and ground water. Shrimp farming 
in fi-eshwater zones is therefore prohibited in Thailand.
4.2.3.3 Aquatic waste
Wastes are produced continuously in shrimp ponds. The wastes include unused feed, 
wastes fi-om shrimp, residual materials fi-om inputs into the pond, soil eroded from the 
walls and bottom of the pond, dead bacteria and phytoplankton. Tookwinas (1996) 
reported that 1 kg of sludge contains approxunately 45.9 and 13.6 mg of ammonia- 
nitrogen (i.e. nitrogen from ammonia) and hydrogen sulphide, respectively. Therefore, 
during the culturing period, the amount of waste is reduced by exchanging water before 
the waste generation reaches an undesirable level.
Discharge of sludge containing high concentrations of nutrients can potentially damage 
the health of aquatic ecosystems. Higher turbidity in receiving water may result from the 
high suspended solids contained in sludge, thus decreasing light penetration and 
impeding photosynthesis. As food webs in aquatic ecosystems are based on aquatic 
plants that are the primary sources of dissolved oxygen, decreased photosynthesis reduces
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oxygen levels as a result. This in turn can stop the growth of and eventually kill aquatic 
organisms. A high turbidity can in particular be harmful to benthos and benthic 
communities ^ ^  due to alteration of their habitats.
Eutrophication caused by the sediment and wastewater discharged from shrimp ponds 
can be detrimental to the farm itself, to neighbouring farms, and to the wider environment 
(Funge-Smith and Stewart, 1996; Tookwinas et al., 1999). It can also pose a problem to 
other competing users nearby. However, it should be noted that the increased nutrient 
concentration resulting from the shrimp pond discharge may be desirable for some 
coastal systems such as cockle farms if the higher nutrient level generated provides 
improved ecological conditions for cockles.
4.2.3.4 Contamination by chemicals and antibiotics
The potential impacts of the use of some chemicals and antibiotics are discussed in the 
following sections.
Animal manures Use of animal manure can decrease the level of oxygen level in ponds 
thus increasing the oxygen demand supplied by aeration systems. In addition, the 
residues from the manure can accumulate at the bottom leading to a poorer quality of 
pond bottom soil. A further concern is the manure high nutrient loading, which will be 
discharged into the environment with the pond waste water.
Liming materials Excessive application of liming materials can lead to a high pH and this 
condition could be toxic to animals and plants in the pond (Boyd and Massaut, 1999). 
Moreover, aquatic organisms can be exposed to the toxicity of burnt and hydrated limes.
The Benthic community is made up of organisms that live in and on the bottom of the ocean floor. These 
organisms are known as benthos. Benthos include worms, clams, crabs, lobsters, sponges, and other tiny 
organisms that live in the bottom sediments (Estuarine Science, USE? A, 2004); 
(http://omp.gso.uri.edu/doee/science/biology/benthl .htm, last accessed November 2004).
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which are strong caustic materials, if they are accidentally spilled into natural waters 
(Boyd, 2002b).
Disinfectants Potential impacts associated with the use of disinfectants are their toxic 
effects on non-target species including beneficial bacteria (GESAMP, 1997). Other 
possible ecological effects include decreased growth of phytoplankton, disruption of 
microbial ecology and toxic effects on aquatic flora and fauna. Their residues in pond 
soil might affect the quality of water and soil used for the next crop, and their cumulative 
effect might lead to deterioration of pond quality in the long term. In addition to their 
potential ecological effects, their use should be discouraged because of the concerns over 
food safety because little is known about their reactions and bioaccumulative effects 
(Boyd and Tucker, 1998).
Antibiotics Antibiotics are used to prevent and control bacterial diseases. However, 
prophylactic or excessive use of antibiotics can increase antibiotic resistances and have 
impacts on human health (Holmstorm et al., 2003).
Tea seed cake Tea seed cake contains saponin which kills fish by destroying their red 
blood cell (Boyd, 2002a). Application of tea seed cake for killing fish that would 
compete with shnmps for food could have detrimental effects on aquatic animals and 
plants if there was a discharge of water containing incompletely degraded saponin.
Pesticides and herbicides Organophosphate compounds applied to destroy insects and 
crustacean carriers of diseases can also have toxic effects on other aquatic species. 
Herbicides and algaecides used in attempts to reduce nuisance aquatic plants could result 
in a low oxygen level, in addition to interference with feeding.
Feed additives Excessive use of vitamins may lead to a precipitation of residual iron: 
copper, zinc, manganese, selenium and cobalt, as they are not very soluble in seawater 
(Boyd and Massaut, 1999).
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43.2.5 Transfer of pathogens and diseases
The transfer of disease from one farm to another can also happen, possibly through the 
discharge of infected wastewater to common water canals. Adding animal manure to 
stimulate plankton growth during the pond preparation stage is another possible way of 
transferring the disease if the manure comes from an infected source.
4.3.3 Biodiversity loss
Several stages in the shrimp production process can lead to biodiversity loss, but the most 
significant are trawling and farming.
4.3.3.1 Trawling
Changes in benthic species in terms of species richness, species composition, their 
biomass and productivity are known to occur following the damage to seabed sediments 
when dragged by a trawl net. Altered or damaged benthic sediments and habitats might 
provide a mechanism of biological interactions between species, such as predation and 
competition, leading to a trophic level shift from one to another species as well as a shift 
in population size as a consequence. Environmental concerns associated with trawling 
also include disturbance or damage to fragile species (e.g. sea cucumbers, bivalves, etc.) 
as well as irreversible effects (such as degradation of coral reef habitats and loss of rare 
species) that can potentially alter the genetic diversity of marine ecosystems (Hjeme,
2001). Furthermore, a bottom trawler is a fairly unselective fishing gear. The small 
mesh size could increase trapping of by-catch in the trawling net and might encourage the 
retention of by-catch, possibly leading to the collapse of fish stocks. The intense 
disturbance from repeated actions of the trawler could lead to the extinction of rare 
species, change of species composition and benthic community structure followed by the 
depletion of marine species, decrease in habitat heterogeneity and loss of biodiversity of 
marine ecosystems eventually.
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In addition, the toxic antifouling chemicals used by trawlers can be released into the 
water and cause toxic damage to aquatic organisms and ecosystems. The adverse effects 
on aquatic organisms exposed to antifouling agents can cause irregularities in the 
development of sexual organs or a reduction in long-term survival (Alzieu, 2000; 
Hossain, 2001; Terlizzi et al., 2001).
4.3.3.2 Farming
Construction of shrimp ponds tends to change natural habitats. Pollution from 
wastewater and sediments could be harmful to aquatic organisms eventually leading to 
biodiversity loss. Although the biodiversity loss from farming activities is difficult to 
quantify, its potential for ecosystem disruption beyond recovery is conceivable.
The overview of environmental issues associated with the shrimp farming production 
chain has demonstrated that the further development of the sector is significantly 
dependent on the availability of natural resources as well as the functional capacity of the 
aquatic and terrestrial ecosystems required to support the shnmp production systems 
(Mungkung and Clift, 2003). However, the shrimp aquaculture business also inevitably 
interacts with the economy. The commercial success of the shrimp business in global 
markets is known to be the most influential factor in the rapid growth of shrimp farming 
industry. Therefore, the principal econonuc issues associated with the shnmp production 
systems have been investigated and they are discussed in the next sections, in an attempt 
to understand the influence of economic factors on the dynamics and development of the 
shrimp aquaculture industry.
4.4 Economic Issues Associated with the Shrimp Production Systems
Shrimp has been among the ten highest valued exports from Thailand since 1991. It is 
expected that the export earnings from farmed shrimp products will continue to 
contribute substantially to the Thai national economy. Expansion of shrimp farms for
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increased production volume has led to improved economic performance and stimulated 
the further development of shnmp-associated industries. The growth of upstream and 
downstream industries associated with the shrimp industry includes: trawlers, hatcheries, 
ice-making plants, shnmp feed factories, chemical plants, aerator manufactures, 
laboratories (for chemical and microbiological analysis, water quality analysis or disease 
diagnosis), refrigerated truck manufacturers, cold storage plants, processing plants, 
central auction shrimp markets and shrimp-product exporting companies. Patmasiriwat 
et al. (1998) estimated that there were about 30 large hatcheries, at least 1,000 family- 
based hatcheries and approximately 70 processing plants and cold storage facilities 
required for processing 40,000 tonnes of frozen shrimp a year.
Shnmp farming and its associated activities have promoted the economic development of 
both local communities and the whole country. However, the long-term success of 
shnmp export is dependent on the global demand, the market price and competitiveness 
3^ong global shnmp producers. The financial performance of the shrimp industry also 
depends on the price fluctuation of shrimp, the exchange rate and the economic stability 
of the producer country (Ronnback, 2001). Some of these factors that can contribute to a 
more sustainable economic development of the industry are discussed below.
4.4.1 Production costs
Ability to compete in international markets is essential for Thailand to remain the major 
world shrimp producer. This is strongly connected to the capital investment and the crop 
production cost. The typical cost of constructing a one-hectare farm plus the production 
cost for the first crop is about one million baht (equivalent to US$ 24,390), compared to 
the average per capita annual income in Thailand of 77,000 baht (equivalent to US$ 
1,880) (ADB/NACA, 1995). According to Ling et al. (1994), the production cost of 
intensive shrimp farming in Thailand is US$ 4.39/kg shrimp, compared to. China (US$ 
6/kg), Malaysia (US$ 4.83/kg) and India (US$ 4.63/kg). For extensive farming, the cost
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of shrimp produced in Thailand is only US$ 1.69/kg whilst it is much higher in Vietnam 
(US$ 4.33/kg), India (US$ 4.30/kg) and Indonesia (US$ 3.35/kg). Moreover, the 
estimated Resource Cost Ratio (RCR)^ ® shows that Thailand uses domestic resources at 
about US$ 0.10 to US$ 0.30 in order to earn US$ 1.00. It should be noted that this study 
excluded the social and environmental costs of shrimp production. It is evident from this 
study that the production costs in Thailand are much lower than in the other competing 
countries. However, the ranking may be changed if the social and environmental costs 
are included.
The costs of materials and energy for different types of farming systems in Thailand were 
analysed by Nissapa and Boromthanarat (2002c), as shown in Table 4.2. The feed, 
chemical and energy costs were much lower for the extensive farming then for the semi- 
intensive and intensive farming systems. In contrast, the cost of seed (i.e. post-larvae) 
was higher in less intensive systems, as a result of their lower productivity. The same 
trend was found for the costs of pond repair and sludge removal. In general, the cost 
analysis in this study indicated that the more intensive the farming practice the higher the 
cost of feed, chemicals and energy. The overall production cost of conventional intensive 
farming type was lowest. However, this should not be generalised as there are several 
factors affecting the cost of production other than the farming type, including the 
environmental conditions in ponds and the weather conditions. The social and 
environmental costs have also been excluded in this analysis.
Resource Cost Ratio estimates the cost-effectiveness of resource use.
63
Chapter 4 Sustainability issues associated with the shrimp aquaculture production system
Table 4.2 Cost of production for different types of farming
Cost Items
Cost, baht($ US) per kg*
Conventional
Extensive
Conventional
Semi-Intensive
Conventional
Intensive
Modem
Intensive
Seed (post-larvae) 47.40(1.10) 32.97(0.76) 16.52 (0.38) 13.55(0.31)
Feed 38.97(0.90) 46.75(1.08) 38.54 (0.89) 53.41(1.23)
Chemicals and antibiotics 1.53(0.04) 0.98 (0.02) 0.63 (0.01) 6.32 (0.15)
Energy 29.90(0.70) 11.76(0.27) 14.37 (0.33) 11.82(0.27)
Pond repair and sludge removal 21.03(0.50) 4.63(0.11) 2.00(0.05) 3.99 (0.09)
Total production cost 138.83 (3.24) 97.09(2.24) 72.06 (1.66) 89.09 (2.05)
Source: Adapted from Nissapa and Boromthanarat (2002c)
* The exchange rate applied is 43.28 baht/$US (October 2002)
Note: The calculated costs excluded the costs of labour, water pumping, water quality monitoring, machinery and other 
facilities for which data were not available.
Another study, however, calculated the environmental costs of shrimp farming; these 
results are shown in Table 4.3. The costs have been calculated using different economic 
valuation techniques: Preventive Expenditure Approach (PEA), Opportunity Cost 
Approach (OCA), Change in Productivity Approach (CIPA) and Replacement Cost 
Approach (RCA)^\ According to this study, sludge removal represented the highest 
environmental cost in the shrimp production system, costing US$ 4,125/ha yr. The cost 
of abandoned land ranked the second highest with the value of US$ 1,925/ hayr. The 
impacts on coastal forest products as well as fisheries resources were also high at US$ 
1,750/ha yr and US$ 1,580/ ha yr, respectively. Compared to the estimated value reported 
in Baran and Hambrey (1998), the income from aimual fisheries from mangrove ranged 
from US$ 66 to 3,000/ha (US$ 1,533/ha on average)^^. Also related to the fisheries
Preventive Expenditure Approach (PEA) - the cost of preventing environmental degradation; 
Opportunity Cost Approach (OCA) - the cost of something in terms of opportunity foregone, for instance, 
the opportunity cost to a country of producing a unit more of a good, such as for export or to replace an 
import, is the quantity of some other good that could have been produced instead; Change in Productivity 
Approach (CIPA) - the valuation of environmental degradation via changes of production; and 
Replacement Cost Approach (RCA) - the amount it would cost to replace an asset at current prices.
The value is based on the land valued for fish/shrimp catch.
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resources, Ronnback (2001) reported that the annual productivity of fisheries supported 
by mangroves in developing countries ranged from US$ 900 to 12,400/ha mangroves 
(US$ 3,400/ha on average)^^ The environmental costs of soil salinity and soil nutrient 
appear to be relatively low, costing US$ 94/ha yr and US$ 106/ ha yr, respectively.
Table 4.3 Environmental costs of shrimp farming
Impact on environment Method fo r  analysis Valuation o f impacts 
(US$/(ja2Lyx)
Soil resource
• Sludge Preventive Expenditure Approach (PEA) 4,125
• Nutrients in sludge Opportunity Cost Approach (OCA) 188
• Soil Salinity Change in Productivity Approach (CIPA) 94
• Abandoned land Replacement Cost Approach (RCA) 1,925
Water resource
• Effluent Preventive Expenditure Approach (PEA) 1,381
• Nutrients loading in effluent Opportunity Cost Approach (OCA) 444
Wetland resource
• Coastal forest products Opportunity Cost Approach (OCA) 1,750
• Coastal protection Replacement Cost Approach (RCA) 1,069
• Soil nutrients Opportunity Cost Approach (OCA) 106
• CO2  fixation Opportunity Cost Approach (OCA) 275
• CO2 releases Opportunity Cost Approach (OCA) 738
Fisheries resource
• Fisheries Change in Productivity Approach (CIPA) 1,581
Note: The exchange rate applied is 43.28 baht/US$ (October 2002)
This indicates that the environmental cost of using mangrove for shrimp farming may be 
higher than the impacts of abandoned land and the impacts on coastal forest products. It 
is interesting to note that, according to this estimate, the nutrient loading in both soil and 
water, one of the most often discussed problems in shrimp farming, appears to have lower 
environmental costs than the other impacts. This implies the disagreement between the
The value is based on the products from fisheries only, excluding other important economic value, e.g. 
forest resources and their ecological functions.
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economic and environmental approaches to valuation or costing of an economic activity, 
leading to the controversy over how to find a sound solution that maximises economic 
and social benefits whilst minimising environmental impacts.
4.4.2 Income distribution
Shrimp farming is a high-profit business. The income is distributed widely along the 
supply chain, from local people in developing countries to importing companies overseas. 
The value of intermediate products increases along the production chain, leading to a 
high price of final shrimp products. However, the profit distribution along the supply 
chain has not been analysed in detail anywhere yet.
Based on the case study analysed in this work, 699 post-larvae are required for producing 
3 kg of adult shrimps that are processed into 1.8 kg of block-frozen shrimp (a standard 
consumer package). The price of post-larvae is typically about 0.20 baht each. The cost 
of adult shrimp at the farm is assumed to be 250 baht/kg and the block-frozen shrimp cost 
is based on its price in the UK supermarkets which is £12.50/package. Therefore, the 
cost of shrimp post-larvae, adult shrimp and one consumer package of block-frozen 
shrimp are 138, 450 and 938 baht (equivalent to US$ 3, US$ 11 and US$ 22, based on the 
exchange rate of 41 baht/US$ and 75 baht/£), respectively. Referring to the production 
costs of various farming types reported by Nissapa et al. (2002), the cost ranges from 
US$1.66 to US$3.24/kg. Therefore, the cost to produce 3 kg of adult shrimp is between 
US$4.98 to US$9.72 and hence the profit at the farming stage is between US$1.28 to 
US$6.02 (average US$3.65). When compared to the cost of processing that is likely to 
be lower than farming, given that the main inputs are shrimp, water and electricity 
(assuming to be about US$4.5 per package of block-frozen shrimp produced), the 
processor can earn a profit as high as US$ 11.5 per package. It can be seen from this 
estimation that the processors’ profit is higher by a factor of three than that of the 
farmers’.
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4.4.3 Financial risks and consequences
Shrimp farming can generate a high profit in a short time^ "^ . A potential for high profit 
has lead to investments in shrimp farming by non-local people as well as private 
investors. With short payback incentives, money lending for ‘hit-and-run’ farming 
practices is widespread. However, the high profit depends on the success of crop 
production. Pond management strategies during the culturing period have been identified 
as the most influential factor affecting the crop productivity. The crop success also relies 
to some extent on environmental conditions in the pond and weather conditions in the 
particular geographical area. Additional factors influencing the success of farming 
include environmental pollution and disease outbreaks. For these reasons, shrimp 
fanning is considered not only a high profit but also a high risk business.
The Bank for Agriculture and Agricultural Cooperatives (BAAC) has been playing a very 
important role in financing agriculture-related activities including shrimp farming. 
However, the BAAC loans available to shrimp fanners have recently been restricted due 
to the high risk associated with crop production. Other significant lending sources are 
informal money lenders (e.g. friends and work colleagues) and money ‘pooling’ within 
extended families. Apart fi-om individual money lenders, the most common and relaxed 
lenders are chemical or feed agencies. Shrimp fanners can take products fi-om a chemical 
or feed agency with no payment, and the remittance becomes due after harvest. If the 
crop is not successful this then becomes a debt, and if the farmer is not able to pay the 
agencies can lose their money. As the bank lending for shrimp farming has become more 
.stringent, procuring loans from banks based on the assessed value of land used as security 
has become another strategy. If the crop is successful and the shrimp price at that time is 
high, farmers can recoup investment within a year. In contrast, if there are disease 
problems during crop production, farmers may lose the land and incur a huge debt. This
24
The profit per crop has been estimated at $US 1,295/ha and it takes about three to four months for a crop 
production cycle (Michielsens, 2000).
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financial consequence often leads to small farms being taken over by medium or large 
farmers or urban entrepreneurs.
In addition to ecological and economic aspects, shrimp farming also has linkages and 
interactions with the society at local, national and global levels. Such interactions 
directly involve local producers and international consumers, and there are indirect 
linkages with various stakeholders through shrimp-associated activities along the shrimp 
production chains. The social aspects associated with the shnmp production systerns are 
analysed in the following sections.
4.5 Social Issues Associated with Shrimp Production Systems
It is generally accepted that shrimp aquaculture has been demonstrably an effective 
vehicle for rural development and for the development of the country as a whole. Shrimp 
farming has improved socio-economic conditions for people especially in remote areas 
and coastal zones. However, there has been a concern over negative social impacts 
associated with shrimp farming activities. Some of these are discussed here.
4.5.1 Employment
A large number of people are directly engaged in coastal shrimp aquaculture in Thailand. 
In addition, there are upstream and downstream industries linked to the sector that also 
employs a large number of people. Overall, there are approximately 134,000 people 
employed directly at the shrimp farms, while further 60,000 to 70,000 people are 
employed in the shrimp-associated industries (Thongrak et al., 1998; Samabuddhi, 1999; 
National Statistical Office, 2001). The total number of people dependent on the shrimp 
industry is estimated at 200,000 but could be as high as one million (out of 62.4 million 
of the Thai population in 2000).
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However, the intensive farming technology and management are cost-intensive rather 
than labour-intensive. On the other hand, intensive farming requires high levels of 
knowledge and skill. Therefore, the employment of local and unskilled people is limited 
to low-paid and temporary jobs while the high-paid technical and managerial 
employment is mostly reserved for people from outside local communities. Moreover, it 
is still questionable whether the employment opportunities following introduction of 
shrimp farming to communities compensate for the decrease in access to communal 
natural resources and other social and cultural amenities. Whether the investment and 
income distribution from shnmp production have actually improved the living standard 
and social welfare of local people and helped to develop their communities remains 
unclear.
4.5.2 Social equity
The development of shrimp farming has affected the social equity distribution 
particularly in terms of resource accessibility. The rapid conversion of mangroves to 
shnmp farms has encroached on ‘untitled’ and open-access mangrove areas because of 
ill-defined property rights (Barbier and Cox, 2002). Such encroachment could restrict 
access to common mangrove resources.
Competition for resource right and equity can be contentious issues in coastal resource 
management. A classical example is the rice-to-shrimp conversion that creates conflicts 
between rice and shnmp farmers due to the salinisation effects on soil and water causing 
negative impacts on rice cultivation as well as on other agricultural crop production. 
Another subject of concern is that non-local investors gain many benefits whilst local 
people and communities receive much less benefit and suffer from the negative 
environmental and social consequences of shrimp activities (Vandergeest et al., 1999; 
Lebel et al., 2002). Furthermore, shrimp farming can spoil the landscape of coastal areas 
and impact tourism activities.
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4.5.3 Social development and welfare
Exporting the farmed shrimp products has brought a considerable amount of foreign 
revenue for the national economy. The employment in the industry generates income for 
all stakeholders in the supply chain. The local economy is stimulated and the associated 
infrastructure needed for the shrimp production is developed in the areas where shrimp 
farming is carried out. Through shrimp farming, the farmers have also become more 
educated by learning about farming practices and other associated activities in various 
seminars, workshops and group meetings among farmers themselves. As a result, the 
community develops further.
However, increased economic activity in one area normally attracts people from other 
areas, either to start their own business or gain employment. Influx of new people to an 
area causes certain changes of social structure, both positive and negative. For example, 
shrimp farmers seem to appreciate initially the economic status improvement, which 
could be expressed in terms of the ability to operate the farm without a loan and the 
affordability of education for their children. On the other side, the flooding of 
newcomers into communities causes great concern to non-shrimp farmers in terms of 
their social security, including crime and other illegal activities which are perceived as 
increasing after the shrimp farming business is started in their communities (Nissapa et 
al., 2002a). The higher prices of consumer goods are also a concern for local people.
Although the social benefits to local communities appear to be significant, the social 
costs as a consequence of shrimp farming are still unclear. There has been great concern 
over the social impacts, which are localised, especially in coastal ecosystems where 
shrimp farming is most practised (Funge-Smith and Stewart, 1996). Particular attention 
has to be paid to local people, who are affected directly by the farming activities. Such 
adverse effects include deterioration of ecosystem quality on which their livelihood
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depends as well as health hazards from aquatic pollution. Until recently, however the 
focus has been on consumers’ health rather than impacts on local producers’ health.
4.5.4 Community disturbance
Small-scale shrimp farming is dominant in Thailand. Due mainly to the higher 
productivity and profits, extensive and semi-intensive farming have been changed to 
intensive farming which also implies higher investment. The high capital investment of 
shrimp farming has favoured non-resident investors who have a better position over local 
people in terms of financial status. Renting of farms that have been abandoned as a result 
of disease outbreak and financial loss by outsiders has become commonplace. Thus, the 
shnmp farmmg has changed from family-based to commercial-based activity.
Furthermore, the employment for commercial-based farming practices favours people 
outside local communities, as they have more knowledge and skills to handle more 
intensive farming systems. It is also open for discussion if the outsiders are interested in 
protecting the quality of the local environment and if, once the environment is degraded, 
they would abandon the existing farms and move on to a different or unspoiled site. The 
loss of the communal natural resources (mangrove areas, estuaries, fishing grounds, etc.) 
has had tremendous negative effects on local people who are using the common property 
resources as a major element of their livelihood and economic activities. The distortion 
of human rights over land ownership has also been a problem. This could lead to an 
artisanal displacement followed by disintegration of social fabrics.
4.6 Current Status of Development of the Thai Shrimp Farming 
Industry
As seen from the overview of the sustainability issues associated with the shrimp farming 
industry in this chapter, the development of the shrimp industry is associated with a wide 
range of interrelated factors: technical, environmental, economic, social, institutional and
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legal, as well as interconnected stakeholders. Because multiple variables affect the 
sustainability of the shrimp industry, it is very difficult to define and implement the 
concept of sustainable development in the sector. Conflict of interests from various 
stakeholders is frequently the case.
However, there has been an attempt to promote sustainable development of the shrimp 
industry in Thailand. At this stage, environmental aspects are the main focus of many 
stakeholders, as the further development of the shrimp business is heavily dependent on 
the capacity of ecosystems to sustain shrimp-related activities. Moreover, the 
environmental impacts associated with production methods of farmed shrimp products 
have become an important marketing factor affecting the purchasing choice of consumers 
in some countries. In addition to the development of farming technique and management 
strategies to sustain the productivity, environmental management strategies 
(Environmental Management System and Best/Good Management Practices) are being 
implemented in the country to minimise the impacts from shrimp farming operations so 
as to sustain the industry in the long term. Not only environmental management but also 
samtary management practices are being adopted to meet the environmental requirements 
from some importing countries. The environmental and sanitary management aims to 
standardise the shrimp production particularly at the main production units (hatchery, 
farm and processing plant). The management strategies are briefly described in the 
following section, and are discussed again in detail in Chapter 7.
4.6.1 ‘Code of Conduct’ (CoC)
Following the F AO s Code of Conduct for Responsible Fisheries and various 
international standards^^ the Code of Conduct for Responsible Marine Shrimp 
Aquaculture (known as ‘CoC’) has been developed by Department of Fisheries (DGF) 
and implemented in hatchery, farm, distributor and processing plant. CoC focuses on the
International standards include ISO 14001 (Environmental Management System), CODEX Alimentarius 
and Hazard Analysis of Critical Control Point (HACCP)
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environmental management systems so as to minimise environmental impacts in a ‘farm- 
to-gate’ approach. The principal elements of CoC are related to farming production 
activities, which include farm location, farm management, stocking density, shrim p feed, 
shnmp health management, use of therapeutic agents and chemicals, wastewater and 
sludge management, harvesting; other issues are related to social responsibility, farm 
association and education and data recording system. CoC highlights the environmental 
issues associated with farm location and pond management, such as farming sites that are 
not located in mangrove areas; a farm layout with culturing ponds, a water supply storage 
pond, a sedimentation pond (for wastewater treatment) and a sludge storage pond; feed 
quality and feeding management. The final shrimp products that are produced from the 
certified supply chain can subsequently carry the label of CoC, known as “Thai Quality 
Shrimp”^^ Substantial effort has been devoted to promoting the implementation of CoC 
by Department of Fisheries.
Figure 4.2 Label of Thai Quality Shnmp, awarded to the shrimp products certified under 
the CoC project
The Thai Quality Shrimp project is developed by Department of Fisheries, aiming to standardise the 
production line from farm-to-table. The shrimp produced from CoC hatchery, distributor and processing 
can request to carry the label of Thai Quality Shrimp. The CoC certification procedure is available from 
http://www.thaiqualityshrimp.eom/eng/coc/download/0340.pdf (last accessed December 2004).
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4.6.2 BestV‘Better’ Management Practices (BMP) or Good Management Practices 
(CMP)
Another management tool being promoted for mimmising the environmental impacts 
from shrimp farming is BestV‘Better’ Management Practice (BMP) or Good 
Management Practices (GMP). BMP or GMP, as defined by NACA (2004), is the best 
available technology and practical means that increase efficiency and productivity and/or 
reduce or mitigate impacts, which is also referred to as a minimally acceptable level of 
performance required by government. Case studies providing the examples of BMPs as 
well as management practices in several countries have been developed through the 
consortium work under the Network of Aquaculture Centres for Asia-Pacific (NACA).
The key issues addressed by NACA (2004) through better m^agement practices are:
• Locating shrimp farms in suitable areas;
• Designing farm layout with a reduction of ecological damage;
• Minimising impacts from water exchange practices on water resources;
• Using shrimp post-larvae efficiently and reducing the demand on wild stocks;
• Using feed types that make efficient use of feed resources and feeding effectively;
• Minimising impacts associated with discharge of effluent and solid wastes;
• Minimising risks of disease affecting farmed as well as wild stocks;
• Reducing risks to ecosystems and human health from chemical use; and
• Operating farming production in a socially responsible way.
It is noted that benefits and costs to farmers must be carefully considered in terms of the 
practical implementation of BMPs or GMPs particularly to small-scale producers who 
have limited resources and knowledge. Flexibility to adopt and adapt management 
practices suited to local conditions is also regarded as the important issue that must be 
fulfilled.
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When compared to CoC, BMPs or GMPs are more accepted among farmers mainly due 
to its flexibility in implementation. For instance, CoC strictly requires farms to have a 
water supply storage pond, a sedimentation pond (for wastewater treatment) and a sludge 
storage pond; this can be a major barrier to small producers in terms of space availability. 
In contrast, BMPs or GMPs are more relaxed in the sense that the management 
procedures will only be applied if  they are appropriate and compatible with the farm 
characteristics. For the farms that cannot adopt the CoC immediately, BMPs or GMPs 
are the starting point to be implemented so as to minimise the impacts from farming 
activities. The compliance with CoC is being promoted, whilst there is no clear guidance 
on how to implement it. Moreover, it is still a subject of discussion if CoC is going to be 
implemented on a compulsory basis in the future and how it will impact on small 
producers (Ampompong, 2002).
4.6.3 ‘Good Aquaculture Practice’ (GAP)
Good Aquaculture Practice (known as ‘GÀP’) pays particular attention to the sanitary 
management practices to maintain hygienic conditions in production areas and facilities 
to produce good quality and safe shrimp products. The management practices required 
by GAP including a clean water supply source, a good sanitary management farm 
facilities especially the sewage and wastewater systems. GAP is being implemented in 
hatchery, farm and harvester. It is also seen as a fundamental guideline for compliance 
with the CoC in the fiiture (Department of Fisheries, 2004). This standard is immediately 
undertaken because of the public concern over food safety which can affect the consumer 
acceptance of Thai shrimp products.
4.6.4 Hazardous Analysis Critical Control Point (HACCP)
HACCP has become the international food hygiene control standard under the agreement 
on the Application of Sanitary and Phytosanitary (SPS) measures after the Final Act of 
the Uruguay Round of the general agreement on tariffs and trade (GATT). The HACCP
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identifies the key hygiene controls at each stage along the production chain and 
preventive measures for their controls to ensure the hygiene of food for human 
consumption. Recognising the importance of food safety management, training in the 
HACCP systems together with their implementation of HACCP are being undertaken in 
shrimp processing plants in Thailand.
4.5.5 Regulation of Movement Document (MD) by the local Fisheries Department
Recently, the local fisheries department has issued the regulation of Movement 
Document (MD) which requires hatcheries and farms to provide the data on production 
sources of the commodities in order to trace back along the production chain.
4.7 Concluding Remarks
Enormous effort has been made to promote sustainable development of the shrimp 
farming industry in Thailand, with the continual improvement of culturing techniques and 
pond management strategies, coupled with implementation of better m anagem ent 
practices and environmental management systems as well as hygienic standards to ensure 
food safety. However, it is still unclear at this stage how large the environmental 
footprint of the sector is and how it affects various stakeholders. Moreover, the 
performance of various farming systems with respect to environmental, economic and 
social aspects has not yet been assessed in any detail. The effectiveness of better 
management practices and environmental management systems to bring about 
environmental improvement has not been evaluated. To fulfil this knowledge gaps. Life 
Cycle Assessment (LCA) has been carried out within this project. Results fi-om the LCA 
analysis are presented in Chapter 6, following a brief introduction to the LCA 
methodology in Chapter 5. The application of the LCA results to improve the 
sustainability of the Thai shrimp industry is discussed in Chapter 7.
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Introduction to Life Cycle Assessment
LCA is a tool which has been developed to assess the full environmental impacts o f 
industrial system. The basic approach must be evaluated and developed for application 
to aquaculture system.
This chapter aims to give an introduction to the Life Cycle Assessment (LCA) 
methodology. Issues of concern in the practice of LCA are addressed to gain an 
understanding of its features and potential applications as well as inherent limitations. In 
view of the focus on shrimp aquaculture in this study, the application of LCA to 
aquaculture products is explored through a number of previous case studies.
5.1 Introduction to LCA
Utilisation of natural resources provides goods and services to meet society’s needs and 
serve the global economy. Human productive capacities have been growing
exponentially due to continuing industrialisation and globalisation so as to serve the 
increased demands of the rising world population. This in turn has led to accelerated 
growth in manufacturing coupled with rising consumption of resources and energy. 
However, the limits to growth are becoming more evident as various environmental 
problems start to emerge. Some growth limits are related to the carrying capacity of 
ecosystems to absorb wastes emitted and are therefore dependent on the quality, quantity 
and rate of waste emissions. Linkages and interactions between industrial production and 
the environment have been recognised, and this has also raised public concern over 
reconciling environmental impacts with socio-economic needs so as to assure the ability 
of future generations to meet their own needs. At the same time, there has been a
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growing awareness that the traditional focus on production processes alone may no 
longer be an effective approach to environmental management. As result, the objective of 
environmental management has changed from the traditional focus on ‘end-of-pipe’ 
treatment to sustainability of production and products.
The sustainability concept has stimulated a number of environmental management 
approaches including the life cycle approach. The ‘cradle-to-grave’ or life cycle 
approach was conceived in the U.S. by Harry E. Teasley, Jr. at the Coca-Cola Company 
in 1969. The innovative idea to quantify the environmental consequences of the 
manufacture and use of packaging was originally known as Resource and Energy Profile 
Analysis or REPA (Hunt and Franklin, 1996). The original emphasis was upon energy 
consumption, and compared plastic bottles with glass. After the Coca-Cola study, REPA 
study of solid waste management became of interest, especially to compare recyclable 
with reusable products. In a similar approach, extended studies were conducted in 
Europe, which looked mainly at packaging systems. From 1970 to 1974, the modem 
concept of REPA took shape and a framework for impact assessment was developed; 
however, there was low public interest in REPA at that time. In 1990, the public 
reappearance of REPA in the U.S. was marked by the convening of an international 
forum by the Conservation Foundation in Washington, D.C. This was followed by the 
first workshop by the Society for Environmental Toxicology and Chemistry (SETAC), 
who advocated the term “Life Cycle Assessment” or LCA to designate the REPA 
concept.
SETAC started working on LCA in 1990 and has since then been the principal 
international forum for discussions on LCA methodology development and application. 
LCA, as defined by SETAC, is objective process to evaluate the environmental 
burdens associated with a product, process, or activity by identifying and quantifying 
energy and material usage and environmental releases, to assess the impact o f those 
energy and material uses and releases to the environment, and to evaluate and implement
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opportunities to effect environmental improvements. The assessment includes the entire 
life cycle o f the product, process or activity, encompassing extracting and processing raw 
materials, manufacturing; transportation; and distribution; use/re-use/maintenance; 
recycling, and final disposal. (Consoli et al., 1993). This organisation has produced 
documents reflecting the consensus of the international LCA community. The documents 
include: A Technical Framework for LCA (1990), Life Cycle Assessment (1991), A 
Conceptual Framework for Life Cycle Impact Assessment (1992), Guidelines for Life 
Cycle Assessment: ‘A Code of Practice’ (1993) and Applications of LCA to Public 
Policy (1995), which lay out the general principles for conducting, reviewing, presenting 
and using LCA.
Another international organisation involved in LCA is the International Organisation for 
Standardisation (ISO). The development of LCA standards was initiated in 1993 and a 
general standard for LCA with ISO number 14040 was issued in 1997. LCA, as 
described in ISO 14040, is Compilation and evaluation o f the inputs, outputs and 
potential environmental impacts o f a product system throughout its life cycle”. The 
following standards are provided in the 14040 series (Environmental Management -  Life 
Cycle Assessment):
ISO 14040: A standard of principles and framework (1997);
ISO 14041 : A standard of life cycle inventory analysis (1998);
ISO 14042: A standard of life cycle impact assessment (2000);
ISO 14043: A standard of life cycle interpretation (2000);
ISO 14047: Examples of application of ISO 14042 (2003);
ISO 14048: A standard of data documentation format (2002); and 
ISO 14049: Examples of application of ISO 14041 to goal and scope definition 
and inventory analysis (2000).
The current consensus on the general framework and specific phases of LCA developed 
by SETAC and the ISO 14040 series of stmdards is described in the following section.
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5.2 The LCA Methodology
According to Consoli et al„ (1993) and ISO 14040 (1997), LCA methodology includes 
four phases, as depicted in Figure 5.1.
Life Cycle Assessment Framework
Applications:
- Product development 
and improvement
- Strategic planning
- Public policy making
- Marketing
- Other
Phase 2 
Inventory analysis
Phase 1 
Goal and scope definition
Phase 3 
Impact assessment
Phase 4 
Interpretation
Figure 5.1 General framework and phases of LCA (ISO, 1997)
Phase 1: Goal Definition and Scoping
The goal definition step is the most critical part of LCA. The study purpose should be 
defined with a clear and unambiguous statement of the reason for carrying out the LCA 
study and the intended application of the results. With a clear purpose, scoping will serve 
to specify the system to be studied, ihe scope of the study will also determine the 
relevant requirements to ensure that the direction and depth of the study are sufficient and 
compatible with the stated purpose, and meet the requirements of reporting and peer 
review.
In any comparative studies, it is essential that the systems are compared on the basis of an 
equivalent fimction. The most critical element is the definition of ‘fimctional unit’.
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which is the measure of performance that the system delivers. It has to be clearly 
defined, measurable and capable of being related to the system inputs and outputs 
(Consoli et al., 1993). Lindfors et al. (1995) suggested that the functional unit must be 
based on the specified main function of the system under study. Aspects to be taken into 
consideration are: efficiency, durability or life span, and quality of performance of the 
product. Covering a unit surface area by paint to last for a defined period of time, rather 
than a particular quantity of paint, is an example of a functional unit. Data quality is 
another important consideration in assessing the quality of a LCA study. Specific data 
quality goals should be clearly established and degree of confidence in input and output 
data must be defined during this phase.
Phase 2: Life Cycle Inventory Analysis
Inventory analysis is an objective data-based process of quantifying the resource use, 
energy use, and environmental releases associated with the system studied. In this phase, 
it is important to define the boundary between the system that performs the defined 
function and its surrounding environment.
The components of the system can be grouped into subsystems and a process flow chart 
can be developed to show how the subsystems are interlinked. Inputs and outputs 
attributed to the subsystems are then identified and quantified. In other words, inventory 
analysis is a quantitative description of all flows of materials and energy across the 
system boundary either into or out of the system in relation to the functional unit. A 
technical framework defines the major life cycle inventory phases, which aie: raw 
material acquisition, manufacturing, use/reuse/maintenance, distribution and 
transportation, recycle, and waste management.
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LCA Phase 3: Life Cycle Impact Assessment
Life Cycle Impact Assessment (LCIA) aims to convert the life cycle inventory to 
quantified impact indicator results, to describe the magnitude and significance of 
potential environmental impacts of resources uses and emissions related to the system 
boundary defined. In this phase, impact categories are selected to evaluate the impacts 
associated with materials used and emissions released from the system being studied. 
The impact categories selected, as well impact indicators for the categories, should reflect 
the complete environmental consequences associated with the production system studied. 
The goal and scope of study should be considered when selecting the impact categories 
and impact indicators.
Common set of environmental impact categories, and their brief description, used in LCA 
are listed in Table 5.1.
Table 5.1 Common environmental impact categories used in LCIA
Impact categories Description o f  impacts
Abiotic Depletion Potential 
Energy Depletion Potential
Global Warming Potential
Ozone Depletion Potential
Human Toxicity
Aquatic/Terrestrial Ecotoxicity
Acidification Potential 
Photochemical Oxidant Creation Potential
Nutrification Potential
Extraction of non-renewable raw materials such as ores
Extraction of non-renewable energy carriers; can be included in Abiotic
Depletion Potential
Contribution to atmospheric absorption of infrared radiation leading to 
increase in global temperature
Contribution to depletion of stratospheric ozone leading to increase 
ultraviolet radiation reaching the earth’s surface 
Contribution to human health problems through exposure to toxic 
substances via air, water or soil
Contribution to human health problems in flora and fauna caused by 
exposure to toxic substances
Contribution to acid deposition onto soil and into water
Contribution to formation of tropospheric ozone within photochemical
smog
Contribution to reduction of oxygen concentration in water (or soil) 
through providing nutrients which increase production of biomass
Source: Clift (2001)
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However, there are standard sets of impact categories and indicators that can be used to 
quantify environmental impacts. Currently, the most widely used methods, which are 
also the methods used in this study, include:
• CML2 Baseline 2000;
• EPS 2000; and
• Eco-indicator 99.
The main difference among the three methods is the way the impact categories and 
indicators are defined. The CML 2 Baseline 2000 method applies the midpoint approach, 
whilst the other two methods use the endpoint approach. The midpoint or endpoint 
approach represents the point in environmental mechanism that the impact categories are 
defined. The midpoint approach (i.e. problem-oriented approach) defines impact 
categories at midpoints along the environmental mechanism and therefore the impacts 
can be modelled relatively accurately, whilst the endpoint approach (i.e. damage-oriented 
approach) reflects environmental impacts at endpoint level, i.e. it attempts to indicate 
consequences. The endpoint approach is more readily understandable and is therefore 
probably preferable for non-expert communication (CML 2002).
In the CML method, environmental burdens are aggregated according to their relative 
contributions to impacts, whilst EPS assesses the consequences of materials use and 
emissions via their contributions to endpoint impacts or five “safeguard subjects”: human 
health, ecosystem production capacity, abiotic stock resources, biodiversity, and cultural 
and recreational values (Azapagic, 2005). The results are aggregated into a single 
monetized metric, based on damage cost estimated as Willing to Pay (WTP) by society to 
restore the impacts. Eco-indicator uses the damage function approach to define endpoint 
impacts related to the damage to human health or ecosystems. As in the EPS method, the 
objective of the method is calculation of a single score (“eco-indicator”) to measure the 
improvement in the life cycle environmental performance of products, but special care 
must be taken to avoid misinterpretation of the results.
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Midpoint (CML) and endpoint impact categories (EPS and Eco-indicator) are listed in 
Table 5.2. Note that further detail of the methods and their impact categories are given in 
Appendices C, D and E respectively.
Table 5.2 Impact indicators of the CML 2 baseline 2000, EPS 2000 and Eco-indicator 99 
methods
CML 2 Baseline 2000 EPS 2000 Eco-indicator 99 
(H, E and I  Models*)
Abiotic Depletion Potential, AD? Life Expectancy Carcinogens
(kg Sb eq.) (person Yr) (DALY)
Global Warming Potential, GWP Severe Morbidity Respiratory effects (organics)
(kg CO2 eq.) (person Yr) (DALY)
Ozone Depletion Potential, GDP Morbidity Respiratoiy effects (inorganics)
(kgCFC-11 eq.) (person Yr) (DALY)
Human Toxicity Potential, HTP Severe Nuisance Climate change
(kg 1,4-DB eq.) (person Yr) (DALY)
Freshwater Toxicity Potential, FTP Nuisance Radiation
(kg 1,4-DB eq.) (person Yr) (DALY)
Marine Toxicity Potential, MTP Crop Growth Capacity Ozone layer
(kg 1,4-DB eq.) (kg) (DALY)
Terrestrial Toxicity Potential, TTP Wood Growth Capacity Ecotoxicity
(kg 1,4-DB eq.)
Photochemical Ozone Creation
(kg) (PAF*m^yr)
Potential, POCP Fish and Meat production Acidification/Eutrophication
(kg C2H2) (kg) (PDF*m y^r)
Acidification Potential, AP Soil Acidification Land use
(kg SO2 eq.) (H+eq.) ■ (PDF*m^yr)
Eutrophication Potential, EP Prod. Cap. Irrigation Water Minerals
(kg PO4 eq.) (kg) (MJ surplus)
Aeereeation in single metric:
Prod. Cap. Drinking water 
(kg)
Depletion of reserves 
(ELU/kg)
Species Extinction 
[-]
Fossil fuels 
(MJ surplus)
Yes: Endpoint, based on three
Not necessary and not done in this Yes: ELU as a WTP measure different sets of subjective valuation
method
Note: * is three versions of the dam age model
of damage cost
based on the  r.iiltiiral tbeorv  m nepm
factor
Egalitarian (E) and Individualist (I) (see further detail in Appendix E)
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After the selection of impact categories i.e. impact assessment method, the next stage and 
principal elements of LCIA procedure are classification and characterisation, and 
normalisation, grouping, weighting and data quality analysis are the optional elements. 
Each element is described below.
Classification is a process of assignment and initial aggregation of the data from the 
inventory analysis. More often, some environmental burdens need to be assigned to more 
than one impact category; this can be made only if the impact categories are independent 
of each other. Data from the inventory table are grouped together into a number of 
impacts in terms of the contribution of each flow to each of a number of environmental 
impact categories, such as Global Warming Potential (GWP), Ozone Depletion Potential 
(GDP), etc.
Characterisation is a process of analysing the magnitudes of potential impacts on 
ecological health, human health and resource depletion. The total impact within each 
impact category is quantified or aggregated based on available scientific knowledge in 
environmental mechanisms, representing the magnitude of potential impacts. The 
contribution of each burden to any impact category is assessed by multiplying with a 
relevant equivalence factors or ‘characterisation’ factors, giving numerical indicator 
results in the units shown for the different methods in Table 5.1.
Normalisation is expressed as a fraction of characterisation results in relation to the total 
magnitude of a given impact category in a defined geographical area and time, giving 
normalised LCL\ profile. This is to provide the communicating information on tlie 
relative significance of the results in each impact category. Heijung et al. (1992) have 
suggested that normalisation should be performed on a global scale, as characterisation 
models have been developed on a global scale.
Grouping is a process of sorting and assigning relative values or weights to different 
impacts, based on value-choice, carried out to rank the impact categories. The results can
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be local, regional, or global scale of impacts; emissions to air or water; or impacts with 
low, high, or medium priority.
Weighting is the process of converting indicator or normalised results by multiplying with 
weighting factors, i.e. numerical factors based on value choices. By applying weighting 
factors, the relative importance of different impact categories is weighted against all the 
other. In principle this is an optional element, to provide the agglomeration of converted 
indicator or normalised results across different impact categories into a single 
“environmental score”, and thus not been applied for the CML methodology. However, 
weighting is an integral part of the EPS and Eco-indicator methods (see Table 5.1).
Data quality analysis is the optional process that may carry out to provide a better 
understanding of the reliability of LCIA results. Such analysis may be: gravity analysis 
(a statistical procedure to identify the data largest contributing to indicator results), 
uncertainty analysis (a statistical procedure to determine the significant different of data 
sets in each impact category) and sensitivity analysis (a measurement of the extent of 
changes in LCI results that influence LCIA results).
Phase 4: Life Cycle Improvement Assessment or Interpretation
ISO 14043 prescribes that analyses of completeness (all data needed for interpretation are 
available and complete), sensitivity and uncertainty (the consequences of EGA results 
affected by uncertainties in data and LCA procedures), and consistency (the assumptions, 
method and data are consistent with the goal and scope of the study) shall be performed 
before interpretation. This phase aims to evaluate the need and opportunities to reduce 
the impacts by identifying, evaluating and selecting options for environmental 
improvements of products or processes.
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5.3 Features and Potential Applications of LCA
LCA is distinguished from other environmental analytical tools by the following 
characteristic features and capabilities:
Cradle-to-grave approach The cradle-to-grave approach of LCA broadens the system 
boundary to assess environmental impacts associated with the complete supply chain of a 
product or service. By applying this holistic assessment, LCA gives a wider perspective 
and a more comprehensive coverage of environmental impacts. As a result, a 
comprehensive, detailed and realistic assessment of the overall environmental impacts 
associated with the product can be made.
Potential impacts LCA assesses potential environmental impacts of the production 
system being studied, at both local and global scales. The assessment of potential 
impacts associated with the function of product assists in identifying anticipated 
environmental impacts associated with the use of product and the embedded materials 
and energy required for the production system.
Identifying opportunities for environmental improvements LCA assesses impacts 
quantitatively, thus facilitating identification of the key life cycle stages and most 
significant impacts associated with production systems. Having identified the ‘hot spots’, 
decisions to improve environmental performance of the production systems can be made. 
This also helps avoiding the shifting of environmental problems from one life cycle stage 
to another.
Comparison o f competing products or services LCA offers a quantitative basis for 
assessing environmental impacts based on a common functional unit. This enables the 
derivation of indicators to measure the environmental performance of products or 
services, thereby facilitating comparison of the environmental performance of competing 
products and services that perform similar functions.
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Wider applications in environmental decisions The detailed environmental information 
obtained from LCA studies can be used to inform environmental decisions, in both the 
private and public sectors. Examples of the application of LCA include: environmental 
auditing; waste minimisation; environmentally friendly product and process design (‘eco- 
design ), product comparison; benchmarking of business performance; supporting 
environmental claims such as product-certification programmes; setting criteria for eco­
labelling, environmental strategic policy; public education; and environmental 
communication.
5.4 Issues of Concern in the Practice of LCA
The advantages of LCA are well recognised and LCA is being implemented in a wide 
variety of industries. However, the LCA methodology and its applicability are still 
matters for discussion. Some main issues of concern in the practice of LCA are discussed 
here.
5.4.1 Description of system boundaries
Description of the studied system boundary is closely related to the goal definition of an 
LCA study. The choice of system boundary defines the processes and environmental 
impacts included, therefore it affects the LCA outcome and the resulting conclusions. 
The justification for excluding activities that have negligible effects on the results must 
be carefully made, to ensure that it does not affect the conclusions and decisions from the 
study-. Thus, it is recommended in the SETAC guidelines that the system boundary has to 
be specified with a clear statement of the reason for carrying out the LCA study and the 
intended application of the results.
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5.4.2 Inventory data quality
The quality of inventory data used in LCA is closely related to the accuracy of LCA 
results and can limit their value. LCA practitioners commonly have to treat the inventory 
analysis, especially the inventory data of background systems, by using the data offered 
in the databases of LCA software available in the market rather than the specific data 
required with regard to the goal of the study. Using data from databases may introduce 
uncertainty because the unit process fi*om which the data were obtained may be different 
from that in the product system under study; for example, it may be necessary to use 
background data for material sources and technologies. Moreover, it may be impossible 
to trace the origin and reliability of such data. Further uncertainties may come from the 
assumptions made in the analysis. As a result, errors may be introduced into the analysis, 
leading to questions over the reliability of the results. Therefore, a careful selection of 
appropriate, representative and reliable data, assessed in relation to the goal of a 
particular LCA study, will reduce the level of uncertainty.
5.4.3 Allocation
The problem of allocation arises when a product system fulfils several functions, some of 
which contribute to the life cycle of other products. This anses most commonly when 
several products are produced, so that the environmental interventions associated with the 
process have to be partitioned and distributed between the multiple products. Co-product 
allocation has been controversial in LCA methodology, as it significantly affects the LCA 
results. Following the stepwise allocation procedure recommended in ISO 14041, 
wherever possible, allocation should be avoided by system expansion. By expanding the 
product system to include co-products or dividing the unit process into sub processes, the 
environmental burdens associated with the product of interest and the co-products can 
then be distinguished explicitly. When system expansion or subdivision is impossible, 
the procedure recommended in ISO 14041 is to allocate the burdens based on the 
physical relationships between co-products; i.e. by relating the burdens to changes in the
89
Chapter 5 Introduction to Life Cycle Assessment
output of each individual product. Allocation based on economic value should be applied 
in case that the physical-based allocation cannot be made, for example when the ratio of 
product to co-product cannot be varied. In any case, the allocation rule chosen should 
reflect a fair allocation of environmental burdens to different fonctions of the process.
5.4.4 Normalisation
Normalisation, suggested as an optional step in the life cycle impact assessment phase, is 
intended to show the relative importance of different impacts. To perform the 
normalisation, normalisation scores i.e. the impacts arising from the reference situation 
are required. As LCA aims to analyse the potential impacts at the global scale, there has 
been an attempt to produce global estimates of impacts as the basis for normalisation 
(Huijbregts et al., 2003). However, limitations of inventory data are a major obstacle and 
an important source of uncertainty. Not only the lack of comprehensive inventory data 
but also uncertainty in characterisation factors may be a source of error (Huijbregts et al., 
2003). According to the current practices in normalisation, the majority of data used for 
calculating the global normalisation figures come from Europe, mostly obtained from the 
Netherlands and Denmark, where much effort has been devoted to establishing up-to-date 
emission data and characterisation. A more complete set of data for global normalisation 
scores still needs to be developed.
5.4.5 Incompleteness of impacts assessed
Not all environmental aspects and potential impacts are assessed. Current LCA 
methodology includes only environmental impact categories that are well understood and 
for which consensus has been reached on assessment methods. These are: abiotic 
depletion, global warming potential, ozone layer depletion, human toxicity, freshwater 
ecotoxicity, marine ecotoxicity, photochemical oxidant formation, acidification, and 
eutrophication. Other potential impacts, for which assessment methods are still under 
development, are not yet incorporated into LCA. Examples of such impact categories
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include biotic depletion, impacts of land use, loss of biodiversity and chemical toxicity. 
Because not all environmental impacts are included, conclusions must be considered 
carefully, recognising that the results describe a limited number of aspects (Finnveden, 
2000). Moreover, a number of impact assessment methodologies are available for LCA 
practitioners, but there is no guidance on which one is the most suitable for a particular 
study. Use of different impact assessment methods based on different perspectives, such 
as midpoint or endpoint effects, can give different results. Thus, it has been suggested 
that one should consider which impact categories are most significant in the particular 
study and use the method that best addresses those categories (Dreyer et al., 2003).
5.4.6 Omission of social and economic considerations
LCA is concerned with narrowly defined environmental impacts, and does not include 
social and economic considerations, which are concerns to be incorporated in decision 
making. However, the detailed environmental information obtained from LCA can be 
combined with other information to inform sound decisions. There has been enormous 
effort to incorporate social and economic aspects into LCA analysis, but at present social 
and economic aspects cannot be covered within a single methodological approach (Doig 
et al., 1996; Norris, 2001; Shapiro, 2001; Rebitzer, 2002; Udo de Haes and Wrisberg, 
2002; Kumaran et al., 2003).
5.4.7 Resource- and time-intensity
LCA studies are always resource- and time-intensive because of the data requirements. 
The more complex the product studied, the more data is required. The associated cost 
and time can be seen as barriers to using LCA.
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5.5 Application of LCA to Aquaculture
Numerous case studies demonstrating the practice of LCA have been reported and their 
range is continuously being expanded to additional industries including aquaculture, 
which is the main focus in this study. However, as the application of LCA to aquaculture 
is a recent development, only a few case studies of LCA in aquaculture have been 
reported so far.
5.5.1 Shrimp farming in Thailand
Srituhla (2001) conducted an environmental life cycle assessment of shrimp farming in 
Thailand, focusing on the shrimp production in one pond at a farm. The functional unit 
was one tonne of shrimp produced, and the impacts assessed in this study were: climate 
change, ozone depletion, acidification, eutrophication, heavy metals, photochemical 
smog formation, energy use and solid waste. Eutrophication, as a result of wastewater 
discharged from the shrimp pond, proved to be the most significant impact. Climate 
change and ozone depletion, as a consequence of energy used for aeration systems and 
feed production, were the additional key issues identified. The LCA results were used to 
improve the pond management strategy by treating wastewater before discharging and 
reducing the operating hours of aerators.
However, this study did not cover the complete life cycle of the product, omitting the 
upstream (hatchery) and downstream (processing, distribution, consumption and waste 
management) processes. The author also noted the lack of data due mainly to the absence 
of a data recording system and the lack of national baseline information. Most 
importantly, it was emphasised that the LCA results must be inteipreted cautiously 
because the data used for analysing the life cycle impacts came only from one farm.
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5.5.2 Rainbow trout culture in Finland
Application of LCA to rainbow trout production in Finland has been studied by Seppala 
et al. (2002), auning to carry out the life cycle environmental impact assessment of 
typical rainbow trout production using net cages. An additional objective was to compare 
the environmental performance of the typical production of rainbow trout with other 
production methods (funnel, closed floating cage and land-based marine farm^^), 
alternative fish products (cultivated Norwegian Atlantic salmon and captured Baltic 
herring) and alternative meat production (pig and cattle). The life cycle production stages 
of rainbow trout production identified in this study include feed raw materiaP^ 
production, feed production, hatchery, farm, slaughtering and gutting. The transportation 
of raw materials and final products, the production of packaging, fuels and electricity 
were also included. The functional unit was 1,000 kg of unslaughtered rainbow trout.
The energy used for feed production and the nutrient level of the effluent fi*om the 
farming stage were identified as the major contributors to environmental impacts. When 
different production methods were compared, the closed-floating cage and the land-based 
farm used the highest amount of energy, due mainly to the energy used for pumping 
water out off the ponds, whilst there was no difference between the net cage and funnel 
methods. Norwegian cultivated salmon and Baltic caught herring production proved to 
be less problematic in terms of both energy use and effluent. Pig meat production 
generated lower nutrient concentrations but the main atmospheric emissions (such as 
CO2, CH4, NOx, SOx) were still higher than from fish production. Cattle production 
proved to use less energy and the associated air emissions were also lower than from pig 
and fish production.
In the funnel method, a funnel is anchored below the net cage and sludge is pumped away from the 
funnel to external treatment; in closed-floating cage farming, the cages are closed so that water must be 
pumped into them; the water must be pumped out from the land to the sea in the land-based farm
Feed includes fishmeal (13.3%), fish oil (28.0%), soya protein (31.5%), soya meal (12.1%) and wheat 
meal (10.3%), and is mainly exported from Denmark.
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The major problem raised in the LCA was the incomplete life cycle inventory data. 
Thus, Silevenius and Gronroos (2003) subsequently collected life cycle inventory data for 
some unit processes that were not included in the analysis by Seppala et al. (2002). 
Emission factors for lorry transport, use of heavy fuel oil (in polystyrene package 
production) and liquefied petroleum gas (forklift trucks in the feed mill) and maize 
production (in feed production) were updated. This led to slightly higher estimates of 
emissions but the key issues remained the same.
5.5.3 Trout farming in France
LCA has been applied to assess the environmental impacts associated with aquafeeds for 
trout production in France (Papatryphon et al., 2002). The functional unit in this study 
was the amount of feed used for the production of 1 kg of trout. Four different types of 
feeds were investigated: the first type is an ecologically-optimised diet, the second type is 
an economical diet with cost minimised by using less fish meal and oil, the third type is a 
common diet available in the market and the fourth type is a novel diet in which all the 
ingredients are derived from plant material. However, further details of the four feeds 
were not provided. The system boundary for this study included extraction of feed raw 
materials, production of feed ingredients, feed manufacturing, use of feeds at the farm, 
disposal of solid waste and transport in all stages. The impact categories included were 
eutrophication, climate change, acidification, energy use and net primary production.
It was claimed that the impact potentials depended on feed ingredients and their 
transportation distances. Of particular importance was production of crop-based 
ingredients as well as fishmeal and oil which generated large impacts in the climate 
change and acidification categories. Using feed at the farm proved to be the largest 
contributor to eutrophication.
The LCA results suggested that the economical diet type produced least impact on 
climate change and also used less energy due mainly to the lower amount of fishmeal and
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fish oil including crop-based ingredients used, but still had the highest eutrophication 
impact because of highest phosphorus emissions as a result of feeding at the farm. The 
lowest eutrophication was found in the diet derived fi*om plant materials. Moreover, 
partial substitution of fishmeal and oil with plant feedstuffs had lower potential for 
eutrophication, climate change and acidification than a complete substitution, indicating 
the sigmficance of eutrophication as a consequence of the crop-based ingredient 
production stage.
This study demonstrated that the extraction of feed ingredients and the use of feed at the 
farm are the major factors influencing the overall environmental impacts associated with 
aquafeeds. These results provided the information to support the option of improving the 
environmental performance of feed by partially substituting fish meal and oil with plant 
feedstuff.
Another assessment performed by Papatryphon et al. (2003) applied LCA to compare the 
environmental impacts of different on-farm production practices at eight trout farms in 
France. The system studied covered the farm production and use of primary inputs to the 
farm, production and transformation of feed ingredients, production of equipment used 
on the farm, the construction and production of infrastructure and transport in all stages. 
The impact categories analysed included eutrophication, acidification, climate change, 
energy use and net primary production.
This study concluded that final fish size and feed efficiency were the principal factors 
determining environmental performance. The farming stage is the greatest contiibutor to 
eutrophication, which is strongly linked to the feed efficiency. Feed production was 
identified as the major impact contributing to biotic resource use, climate change, 
acidification and energy use. When different farms were compared, the energy use was 
increased when the production intensity increased, due to the higher emissions associated 
with the transport of inputs required. It was recommended that LCA could be used as a
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tool to assess the expected potential environmental impacts associated with management 
choices and decisions to optimise farm management decisions and strategic planning.
5.6 Concluding Remarks
From the review of previous LCA case studies, it can be seen that the primary objective 
in applying LCA in aquaculture is to improve the environmental performance of 
production systems. LCA results have also been used to compare alternative production 
methods and products. However, the previous case studies only focused on a specific 
production unit rather than investigating the complete life cycle of a product. The 
assessment of impacts was also limited by availability of the life cycle inventory data for 
the systems studied. Therefore in this study a complete LCA analysis has been 
performed in an attempt to understand fully the environmental consequences associated 
with the shnmp aquaculture product. The lessons from the previous case studies, in 
terms of the data used for inventory analysis and the possible application of LCA results, 
have been used where they are relevant to the present work, including issues related to 
the inherent limitations of the current LCA methodology. The performance of different 
aquaculture systems has been assessed and compared in order to derive better aquaculture 
practices. The remaining chapters will describe the LCA of block-frozen shrimp in 
detail, including the integration of information obtained from LCA result as an input into 
environmental decision-making related to the promotion of sustainable development in 
the Thai shrimp farming industry.
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Life Cycle Assessment of 
Block-Frozen Shrimp
Fanning is the key life cycle stage contributing to marine toxicity, global warming, 
abiotic depletion and eutrophication. These impacts arise mainly from the use o f energy, 
shrimp feed, burnt lime, and wastewater discharged from shrimp ponds. Transport o f 
post-larvae from a non-local source to farms can also result results in significantly 
higher impacts.
This chapter presents the results of Life Cycle Assessment (LCA) of block-frozen 
shrimp. The study is based on the standard consumer-package size containing 1.8 kg of 
frozen shnmp and the goal is to quantify the environmental impacts of the production of 
block-frozen shrimp from cradle to grave using different farm ing practices. The life 
cycle impacts have been calculated using different impact assessment methods to find out 
if this affects the overall ranking of the farming systems considered in this study.
6.1 LCA of the Block-Frozen Shrimp Production System 
V.X.Î Goal and Scope Definition
6.1.1.1 Goal of the study
The overall purpose of this LCA study is a systematic and comprehensive analysis of 
environmental consequences of the production of block-frozen shrimp from a life cycle 
perspective. In addition, the comparative LCA studies of different farming systems
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carried out here aim to identify environmentally prefeited farming practices. The LCA 
results could be used for the following:
(a) identification of ‘hot spots’ (i.e. key stages giving rise to environmental impacts) to 
target improvements in the environmental performance of the shrimp production system;
(b) identification of life cycle environmental impacts associated with shrimp production 
that should be considered in setting national strategic plans and policies for shrimp 
aquaculture management;
(c) evaluation of the existing certification programmes in shrimp farming; and
(d) recommendation of the framework and criteria for ecolabelling of shrimp aquaculture 
products and provision of the environmental information that consumers could consider 
when purchasing shrimp products.
6.1.1.2 Scope of the study
The scope of the study considered here is shown in Figure 6.1, showing the activities in 
both the foreground and background systems. The foreground system (the system of 
direct interest in the study; see Chapter 3 for the life cycle stages analysed for this study) 
includes trawling, hatchery, farming, processing and storage. The background system 
comprises life cycles of materials and energy imported into the foreground systems as 
well as the distribution (transport to importing countries, wholesalers and retailers) and 
use of the shrimp product (consumption and waste management). The environmental 
impact categories assessed in this study are the standard LCA categories (as previously 
described in Section 5.2 of Chapter 5): abiotic depletion, global warming potential, ozone 
layer depletion, human toxicity, freshwater ecotoxicity, marine ecotoxicity, 
photochemical oxidant formation, acidification, and eutrophication.
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Due to the lack of agreed methodology for calculating some other impact categories, the 
following impacts have not been considered in this study (although these environmental 
aspects are discussed fiirther in Chapter 7):
• depletion of wild shrimp broodstock;
• impacts of land use including change of the type of land use; and
• loss of biodiversity through trawling for shrimp broodstock and farming activities.
6.1.2 Functional Unit
The hmctional unit for the study has been taken as a consumer standard package size that 
contains 1.8 kg of block-frozen shrimp, excluding the weight of ice. The total weight of 
one package of block-frozen shrimp is 3 kg.
6.1.3 Data Quality Requirements
The foreground activities in this study are assessed using primary data collected in 
Thailand, supplemented by data from the SimaPro^^ database (version 5.1) where 
necessary. For the life cycle stages from capture of wild broodstock through to shrimp 
processing (for their locations see Figure 6.2), the data are the primary data obtained from 
the actual operation of:
(i) one trawler, which is representative of demersal trawlers used for wild broodstock 
capture;
(ii) three hatcheries, of which the first two (one in Phuket province in the South and the 
other in Chacheongsao province in the East) are representative of the major post-larvae 
sources for most of the smiinp farms in Thailand; the third hatchery, based in 
Chunthaburi province, combines hatchery and farm at one site (see Table 6.1 for the 
sources of post-larvae at each farm);
(iii) five farms, which are representative of different farming systems in the East of 
Thailand, as follows (details of the farming systems are given in section 6.2.3):
SimaPro is one of the widely used software tools for Life Cycle Assessment, developed by PRé 
Consultants, The Netherlands; http://www.pre.nl/simapro/default.htm.
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Farm 1 
Farm 2 
Farm 3 
Farm 4 
Farm 5
Conventional & CoC farm (in the Chunthaburi province); 
Biological & CoC farm (in the Rayong province);
Probiotic farm (in the Chachaeongsao province);
Ecological farm (in the Chunthaburi province); 
Going-to-be-Orgamc farm (in the Chachaeongsao province); and
(iv) one processing plant, which is representative of shrimp processing in Samut SaMion 
province.
Table 6.1 Source(s) of post-larvae used by the farms
Farm Hatchery
Phuket (the South) Chacheongsao (the East) Chunthaburi (on-site)
1 * *
2 * *
3 * *
4 *
5 *
produces the post-larvae on-site; and Farm 5 can only use the post-larvae produced from local hatcheries, 
based on the requirement for organic production.
101
Chapter 6 Life cycle assessment of block-frozen shrimp
P aka
i Cambodia 
\
Tral
2 Chantaburi
3 Rayong
4 Chonbori
5 Chachoengs
6 Samut Rialcan
7 Bangkok
8 Samut Sakhon
9 Samut Songkhram 
ÎÛ Phetchabari
11 Prachuap Kiiiri KJia»
12 Chump hon
13 Ranong
14 Surat Tbani
15 Phangnga
16 Phukei
17 Krabi
18 Nakhon Si Tltammarai
19 Trang
20 Pbatthaiung
21 Sa tun
22 Songkhla
23 Pattaai
24 Yala
25 Narathiwat
26 Prachitiburi
27 Nakon Nayok
28 Phatumthani
29 Montiiaburi
30 Nakon Pathon
31 Ratchabiiri
32 Kanchanaburi
33 Suphanburi 
Ay'uîtjiàyâ 
Saraburi
Naklion Ratchasima
Andaman
Malaysia ;
/ '
N /
150 knt
Figure 6.2 Locations of the trawler ( ♦  ), hatcheries ( A  ), farms ( ★ ) and processing 
plant ( ® ) considered in this study
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The specific hatcheries and farms analysed in this study are operated for the same crop- 
production period, from January to March and harvested from April to May; followed by 
the subsequent shrimp processing. The primary (foreground) data are based on the 
production cycle in year 2003. The data used to assess the background activities are the 
best available secondary data in Thailand supplemented by data from the SimaPro 
database where necessary. For instance, the environmental interventions associated with 
electricity production have been taken fi-om the Thailand Environmental Institute or TEI 
(2003), the shrimp feed production from Srituhla (2001), the paper-box production from 
Ongmongkolkul (2001), etc. Examples of inventory data obtained from the SimaPro 
database are: emissions associated with energy generation, production of fertiliser, 
production of burnt lime, use of container ship, etc.
6.2 Life Cycle Inventory Analysis
The following sections describe the life cycle inventory data in the foreground and 
background sub-systems of the shrimp production chain that have been included in the 
analysis. Selected inventory results, especially on the problematic environmental loads, 
are given in each stage. Further detail on the inventory data can be found in Appendix A 
(in the CD attached with this dissertation).
6.2.1 Trawling
The assessment of environmental interventions from these activities is based on the actual 
trawling practice whereby the trawler is used to catch both fish and shrimp wild 
broodstock on the same fishing trip. The trawling activities include the use of a trawler 
to catch the shnmp broodstock, transport of the broodstock by a speedboat to an on-shore 
transfer point and then by pick-up vans to the Phuket hatchery. The broodstock destined 
for the other two hatcheries (Chacheongsao and Chunthaburi) is transported from the on­
shore transfer point to Phuket airport by pick-up vans to be flown to Bangkok and by
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pick-up vans from Bangkok to the hatchery sites. These activities are described in more 
detail below.
6.2.1.1 Use of trawler to catch the broodstock
The trawler has a diesel engine of 400 kW and the main material input during trawling is 
diesel used by the trawler’s engine. Based on an one-month trawling vessel trip, the 
diesel used per trip is approximately 25,000 1 (Suesakul, 2003). This amount of fuel 
consumption includes the fuel used for the vessel trip, the trawling operation and the 
oxygenation systems for the water in which the broodstock is kept. A typical total catch 
during one month is 20,000 kg: 5,000 kg of target fish; 15,000 kg of by-catch (i.e. non­
target fish) and 400 individual shrimp as broodstock. It is assumed in this study that all 
are ‘ready-to-spawn’ broodstock and second spawning is not practised.
Regarding the air emissions associated with a fishing vessel, only one study has been 
undertaken on trawlers specifically and it was based on the Swedish cod fishery (Ziegler 
and Hansson, 2003). Based on the similar power of the engine used by the Swedish 
trawler (404 kW), the emissions would be comparable with the trawler engine used in 
Thailand; it was therefore used as an equivalent in this study. Data on pollutants emitted 
from the trawler not given by Ziegler and Hansson (2003) have been supplemented by 
data obtained from the European Environment Agency (EEA, 2002)^°, which provides 
data on emissions specific to European workboat vessels equipped with diesel engines.
Because fishing site localities vaiy gieatly depending on seasonal variations and weather 
conditions, some additional assumptions on distances and diesel consumption have been 
made here (Suesakul, 2003):
Details of the inventory data are provided in Table of Content: Group 8 Other mobile sources and 
machinery; http://reports.eea.eu.int/EMEPCORINAIR3/en.
104
Chapter 6 Life cycle assessment o f block-frozen shrimp
(1) the nautical distance from the shore to the first fishing site is 500 km and the last point 
of trawling is also at the same distance from the port;
(2) the nautical distance from the fishing site to the transfer point is 125 km;
(3) the average rate of diesel fuel consumption is estimated to be approximately 4 km/1, 
as data for each particular activity of the trawler during a trip are not available separately; 
and
(4) the nautical distance from the transfer point back to shore is 60 km.
An allocation issue anses here concerning the diesel consumption by the trawler during a 
vessel trip that performs both fish and shnmp trawling. Figure 6.3 shows the trawler’s 
route during one trip.
Shore
(a)
(d)
Fishing site, trawling operation, ship movement and back to shore
(c)
........
Transfer point (for speedboat to collect the broodstock)
Figure 6.3 Trawler’s route during one trip (not scaling)
In allocating the diesel consumption and the associated environmental interventions 
between the two activities, diesel used for each activity has been calculated depending on 
the purpose of that activity as follows:
(a) shore to the fishing site and back again (1,000 km, 840 kg of diesel): the purpose of 
the trawler is to catch both fish and shnmp broodstock, thus the environmental 
interventions associated with the diesel consumed during this activity are allocated to the 
target fish, the by-catch and the shrimp broodstock;
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(b) Trawling hauls and the trawl vessel’s movement during trawling operation and for 
other purposes such as search for a fishing site or moving from one fishing site to another 
(average distance 21,250 km, 17,850 kg of diesel): the diesel used for these two activities 
is for catching both fish and shrimp and therefore the environmental interventions are 
allocated to the target fish, the by-catch and the shrimp broodstock;
(c) The return trip from a particular broodstock trawling site to the agreed transfer point 
(average distance 250 km, 210 kg of diesel): the environmental interventions associated 
with the diesel consumption during this particular activity are allocated completely to the 
shrimp broodstock; and
(d) The return trip from the transfer point back to shore (120 km, 89 kg of diesel), the 
environmental interventions associated with the diesel consumption by speedboat are 
allocated totally to the shrimp broodstock.
Following the ISO 14041 recommendations (ISO, 1998), as previously described in 
Chapter 5, Section 5.4.3, allocation in all of the above cases has therefore been carried 
out using the economic value of the catch, as system expansion and allocation by 
physical causality are not applicable in this case. The price of shrimp broodstock is 1,500 
to 2,500 baht each (depending on the market demand), target fish is 20 to 200 baht per kg 
(depending on the economic value of each species) and the by-catch costs is sold for 2 to 
5 baht per kg. Based on this, the average allocation (price) ratios for the three product 
groups are 94.63%, 5.20%, and 0.17% for the shnmp broodstock, the target fish, and the 
by-catch respectively.
6.2.1.2 Transport of broodstock by speedboat
A speedboat powered with a gasoline two-stroke outboard engine is used for transporting 
the broodstock from the transfer point to the port (trip (d) in Figure 6.3). The emission 
factors for this type of engine have been taken from the EEA (2000). The speedboat 
consumes gasoline at a rate of 1 litre per kilometre (Suesakul, 2003) and the distance of
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the return trip from the transfer point to the port is about 120 km so that the total amount 
of gasoline per trip is 1201 (89 kg).
6.2.1.3 Selected inventory results
Selected inventory results for broodstock trawling of one shrimp broodstock are shown in 
Figure 6.4. For example, the trawling activities deplete 47 kg of crude oil and 0.017 cm  ^
of natural gas and emit to air 0.5 kg of CO, 13 kg of CO2, 2 kg of NOx and 80 kg of SO*. 
Emissions to water include 226 mg BOD and 899 mg of hydrocarbons; 98.4 g of solid 
waste is also generated per one broodstock captured. Full inventory results for this life 
cycle stage are given in Appendix A.
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Figure 6.4 Selected inventory results for broodstock trawling, based on the frmctional 
unit of one broodstock captured (quantity units are specified on the x axis)
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6.2.2 Hatcheries
After the speed boat arrives at the shore, the broodstock are further transported from port 
to the hatcheries by pick-up vans and airplane. The captured wild broodstock is 
transported from the shore to the Phuket hatchery by a pick-up van, and the total retum- 
trip distance is 60 km. For the Chacheongsao and Chunthaburi hatcheries, the broodstock 
is transported by a pick-up van to Phuket airport (100 km round trip) to be flown to 
Bangkok and then further transport by a pick-up van from the Bangkok airport to the 
Chacheongsao and Chunthaburi hatcheries (164 and 490 km return trips, respectively).
The main activities in the hatcheries are the induction of spawning and the nursing of 
larvae after hatching. The production systems of the Phuket, Chacheongsao and 
Chunthaburi hatcheries are generally based on the similar principles, as described earlier 
in Chapter 3. The main differences are the feed types used for nursing the post-larvae 
and the distances for transporting the broodstock to the hatchery sites. With respect to 
the feed, the Phuket hatchery uses a combination of Skeletonema, feed and artemia (cyst 
form) while the Chacheongsao hatchery uses a combination of Chcietoceros, feed and 
artemia (cyst form). The Chunthaburi hatchery uses only artemia (cyst and flake forms).
The main inputs and outputs for producing 100,000 post-larvae^^ at each hatchery site are 
listed in Table 6.2. It should be noted here that the seawater volume includes the 
seawater used in all processes of post-larvae production, including phytoplankton 
culturing and artemia cyst hatching; the freshwater used includes the freshwater used for 
washing the ponds after harvesting and for adjusting the salinity level.
31
This amount of post-larvae can produce approximately 600 to 2,600 kg of adult shrimp, based on this 
study; however the production is dependent on the survival rate in ponds.
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Table 6.2 Inputs and outputs for producing 100,000 post-larvae of three hatcheries
Inputs/Outputs Quantity
Phuket hatchery Chacheongsao hatchery^ Chunthaburi hatchery^
Broodstock (number) 0.13 0.50 0 . 2 0
Seawater (1) 5,500 6,500 7,000
Freshwater (1) 1,500 3,000 0
Water disinfectant 1.58 0.83 kg 0
(chlorine) (kg)
Skeletonema (ml) 165 350 0
Chaetoceros (ml) 0 0 300
Artemia (cyst form) (kg) 1.70 0.54 1.90
Artemia (flake form) (kg) 0 0 1
Feed (see Table 6.3 for 1.48 0.42 kg 0
composition) (kg)
Electricity (kWh) 2 0 27 25
Emissions to water:
Suspended Solids (g) 276 NA NA
BOD(g 16 NA NA
NOz(g) 0 . 1 NA NA
N 0 3 (g) 1.3 NA NA
Ammonia (g) 0 . 2 NA NA
Total P (g) 0.5 NA NA
* Source: Suriyawonghae (2003);
 ^Source: Nisapawanich (2003) and Boonlean (2003);
 ^Source: Hongrat (2003)
The following has been excluded from the analysis:
-  the use of disinfectants (pyviodine iodine, formalin, EDTA, sodium thiosulphate and 
BKC) other than chlorine due to the lack of LCI data for these materials;
-  the use of sea earthworm and grounded squid for feeding the broodstock during the 
acclimatisation period because of the small quantities involved (about 5 to 10 kg);
-  the transport of feed and chlorine because of the small amounts used.
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Instead, the following sections describe the interventions associated with hatchery 
production systems, include transport of broodstock from shore to hatchery and 
production of chlorine, electricity, artemia cyst, and larval-shrimp feed.
6.2.2.1 Transport of broodstock
Transport by pick-up van The emissions associated with fuel consumption of the pick-up 
van have been taken from Angkoonwatthana (1997) and Takahashi and Sirikupanichkul 
(2001).
Transport by aircraft As explained in the preceding section, the broodstock destined to 
the Chacheongsao and Chunthaburi hatcheries is transported from Phuket to Bangkok by 
air on a passenger plane (BOEING B737) and then from there by pick-up vans to the 
hatchery sites. The total weight of the broodstock packed in boxes is 300 kg (assuming 
300 pairs per trip). The data for environmental interventions associated with this 
transport step have been taken from EEA (2002); the environmental interventions have 
been allocated between the broodstock and the remaining auplane load (approximately
62,500 kg) on the mass basis. Thus, 0.5% of fuel and emissions are allocated to shrimp 
broodstock.
6.2.22 Production of chlorine
Before its use in the hatcheries, water is disinfected by chlorine to kill the pathogen 
bacteria. The life cycle inventor}  ^ data for the production of chlorine have been taken 
from the SimaPro database.
6.2.2.3 Production of electricity
Electricity is used for the aeration systems in the hatcheries. The electricity mix in 
Thailand comprises natural gas (56.48%), lignite and coal (28.02%), hydro (10.22%),
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fuel oil (5.04%), diesel oil (0.25%) and non-conventional sources of energy (0.0028%). 
The LCI data for electricity in Thailand have been taken from TEI (2003).
6.2.2.4 Production of artemia cysts
The major source of artemia cysts used for nursing shrimp post-larvae in Thailand is the 
Great Salt Lake in Utah, USA. The harvest of artemia cysts starts with the use of a 
helicopter to spot a streak of artemia cysts floating on the water; the pilot then radios a 
chase boat (a speedboat) and directs it to the best section of the streak. Once the chase 
boat claims the streak by showing its license permit^^, a harvest boat (a flat bottom boat) 
comes to collect the streak. It uses an oil containment boom to encircle the streak; the 
harvesters then contract the circle of the boom while pumping the product onto the boat. 
The harvested biomass is then transported to a processing facility on shore.
The following environmental interventions associated with the harvest of artemia cysts 
are included: the emissions from the helicopter (for spotting the streak), chase boat (for 
claiming the streak), harvest boat (for harvesting the cysts) and transport of cysts by air 
from Salt Lake City to Bangkok; these are described in more detail below. No inventory 
data for artemia cyst processing have been available so that this activity is excluded from 
the analysis.
Use o f helicopter The following assumptions have been made with respect to the use of 
helicopter for searching for the artemia cyst streak:
(1) the helicopter has a 250-020 engine (Model Cruise 8);
(2) the return helicopter trip is about 240 km (based on the length of the lake of 120 km); 
and
(3) the helicopter operates at a speed of 120 mph.
The chase boats carry special permits called "Certificate of Registration" or "C.O.R." which allow them 
to claim a certain amount of artemia biomass in a streak, http://www.brineshrimpusa.com/harvesting.phtml, 
last accessed August 2004
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The fiiel consumption and emissions associated with use of the helicopter have been 
obtained from Allison (1992).
Use o f chase boat A chase boat (speedboat) is used for claiming the artemia cyst streak. 
In this study, it has been assumed that:
(1) the artemia cyst streak occurs at the middle of the lake, at a distance of 60 km from 
the shore; and
(2) the speedboat is powered with a gasoline two-stroke outboard engine and consumes 
gasoline at a rate of 1 1/km.
The emission factors for a gasoline two-stroke engine outboard speedboat have been 
taken from EEA (2000).
Use o f harvest boat A  flat bottom boat with outboard motor is used for harvesting the 
artemia cysts. The amount of the cysts harvested each time varies between 1 and 10 
bags; the total weight of each bag containing artemia cysts and brine flies^  ^ is 
approximately 680 kg (Skanchy, 2004). In this study, the following has been assumed:
(1) the emission factors of the flat bottom boat are comparable with a diesel 4-stroke 
workboat engine;
(2) the flat bottom boat consumes diesel fuel at a rate of 1 1/km;
(3) the artemia cyst streak occurs at the middle of the lake, at a distance of 60 km from 
the shore; and
(4) the average weight of artemia cysts harvested per trip is five bags and only 50% of the 
total weight is artemia cysts; thus the amount of artemia cyst harvested is approximately 
1,700 kg per trip.
Two species of brine flies live in the lake: Ephydra cinerea and a larger species, Ephydra Mans. They 
are important to the aquatic ecosystem of the Great Salt Lake. Their larvae and pupae support an enormous 
number of shorebirds living around the lake (http://faculty.weber.edu/sharley/AIFT/GSL-Life.htm, last 
accessed August 2004).
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The emission factors for the boat engine have been taken from EEA (2000). The 
environmental interventions associated with the harvesting of artemia cyst are completely 
allocated to the artemia cysts because the brine flies are considered as an unwanted 
product.
Transport o f artemia cysts by air Artemia cysts are transported to Thailand by air. The 
distance from Salt Lake City to Bangkok is 13,102 km^ "^ . The interventions associated 
with air transport between the two countries have been taken from the SimaPro database.
6.2.2.S Production of larval-shrimp feed
No inventory data for the feed used for nursing post-larvae at hatcheries appear to be 
available; thus for this study it is assumed that the larval-shrimp feed is the same as the 
feed used by the shnmp farms. Table 6.3 give the details for the inputs into and outputs 
from the feed production system.
The interventions associated with the feed production analysed in this study include: 
production of fishmeal, rice husk, electricity, heavy fuel oil, steam and emissions to water 
and solid waste. The interventions associated with electricity generation have been 
described earlier (see section 6.2.2.3). The interventions associated with the use of heavy 
fuel oil, steam and solid waste have been obtained form SimaPro databases. Premix, 
shrimp meal, binder, oil, soybean and wheat flour used in feed processing are rather ill 
defined in Srituhla (2001) and no additional information from the studied feed factory 
was available; therefore the interventions associated with these items are excluded from 
the analysis.
The next sections describe the interventions associated with the fishmeal and rice husk 
production.
The distance was obtained from http://www.indo.com/distance, last accessed December 2004.
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Table 6.3 Inputs and outputs for producing one tonne of feed
Inputs/Outputs Components Quantity
Inputs Water (1) 650
Fishmeal (kg) 400
Rice husk (kg) 1 0 0
Soybean (kg) 140
Premix (kg) 2 1 0
Shrimp meal (kg) 50
Wheat flour (kg) 2 2 0
Binder (kg) 13
Oil (kg) 40
Others (kg) 8
Electricity (kWh) 125
Heavy fuel oil (kg) 13
Steam (kg) 300
Plastic packaging (kg) 0.027
Paperboard (kg) 0.009
Outputs Suspended Solids (kg) 0.003
BOD (kg) 0.0005
COD (kg) 0.0017
Total N (kg) 0.0005
Total P (kg) 0.00005
Steel scrap (kg) 0.006
Garbage (kg) 0 . 0 2
Others (kg) 0.006
Source: Calculated from Srituhla (2001)
Production o f fishmeal Fishmeal is normally prepared from low-value fish (i.e. by-catch 
from marine fisheries) by boiling, drying and grinding into a powder According to a 
small-scale fishmeal factory in Thailand (Anonymous, 2003a) which provided data for 
this study, production of 1,000 kg of fishmeal requires 4,000 kg offish, 247 kg of heavy
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fuel oil and 192 kWh of electricity; in this study it has been assumed that the fish comes 
from the by-catch of trawler operation and therefore the interventions for producing the 
fish have been obtained from the trawler data discussed in section 6.2.2.1. The inventory 
data for electricity production have been given in section 6.2.2.2. The interventions 
associated with production of heavy fiiel oil have been taken from the SimaPro database.
Production o f rice husk Rice husk is a by-product from rice production, which is 
considered a significant source of methane emissions. The average value of methane 
emissions from various rice fields in Thailand is 33.66 g/m  ^per season (IPCC, 1996) and 
this value has been used in this study. The inputs for rice production have been obtained 
by interviewing one rice farmer in Thailand (Tapananon, 2004) based on the farmer’s 
judgement of the inputs used and the yield produced per season. According to this 
estimate, the average productivity per season is 1,000 kg/1,600 m  ^which requires about
1.5 tonnes of water and 50 kg of fertiliser.
The impact of land and water use have not been considered here; the former because 
there is no agreed methodology for doing so and the latter because water is sourced from 
rain. Only the use of fertiliser and the methane emissions have been taken into account, 
and the interventions for producing fertiliser have been sourced from the SimaPro 
database.
An allocation issues arises here because rice consists of edible rice, rice husk and rice 
bran, with 92% of edible rice, 5% of rice husk and 3% of rice bran by weight (Lantin,
2003) so that the environmental burdens must be allocated among these three products 
from rice production. According to the ISO guidelines, as previously explained in 
Chapter 5, in cases where the outputs cannot be varied independently, allocation should 
be based on the economic value of the co-products. The prices of edible rice, rice bran 
and rice husk are 18, 8 and 2 bath/kg, respectively. Thus 97.99%, 1.42% and 0.59% of 
the burdens are allocated to edible rice, rice bran and rice husk, respectively.
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6.2.2.6 Selected inventory results
Figure 6.5 shows selected inventory results for the three hatchery production systems and 
the subsequent transport of the larvae to the farms, based on the functional unit of one 
post-larva. For example, the Phuket hatchery consumes 0.66 g of crude oil, while 2.5 and
5.4 g are depleted by the Chacheongsao and Chunthaburi hatcheries, respectively. 
Emissions to air from these two hatcheries are also higher; for instance the level of CO2 
from the Chacheongsao and Chunthabun hatcheries (3.4 and 3.7 g, respectively) are 
about seven times higher from the Phuket hatchery (0.4 g). Thé main contributors to CO2 
emission in the Chacheongsao hatchery are: transport (aircraft and pick-up van) and 
electricity. Use of cyst and transport (aircraft and pick-up van) lead to a high level of 
CO2 in the Chunthabun hatchery. The emissions of phosphates the Phuket hatchery is 
sigmficant, and thus it is likely to be an issue for the other two hatcheries as well. 
However, it should be noted that the direct water emissions from the Chacheongsao and 
Chunthaburi hatchery production systems have not been included in this study as the data 
are not available.
Feed is one of the most controversial issues related to the sustainability of shrimp 
farming, as previously discussed in Section 4.2.1.5 of Chapter 4. Selected inventory 
results of feed compared with artemia cyst are shown in Figure 6.6. One kg of feed 
(processing and transport by truck) consumes 51 g of lignite and 7 g of coal, whilst 1 kg 
of artemia cyst (harvest and transport by air) depletes 24 g of coal and 4.5 kg of crude oil. 
From the graph, it is evident that transport of artemia cyst by air alone significantly 
contributes to impacts particularly on CO2 emission (15.81 kg out of 15.87 kg). When 
compared to the transport of larval-shnmp feed (excluded in the analysis because of a 
very small amount of use), environmental loads are negligible.
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Figure 6.5 Selected inventory results for different hatchery production systems (Phuket, 
Chacheongsao and Chunthaburi), based on the functional unit of one post-larva (quantity 
units are specified on the x axis)
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Figure 6.6 Selected inventory results of shrimp feed production and artemia cyst 
harvesting, based on the functional unit of one kilogramme, including their transport 
(quantity units are specified on the x axis)
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6.2.3 Farming
Five farms with different farming systems in the East of Thailand have been included in 
this study. The farms studied are representative of the alternative farming systems being 
practised in an attempt to improve the environmental performance of shrim p farming. 
Specific features of each farming system are summarised below.
(1) Conventional & CoC Farm: This farm applies an intensive farming system coupled 
with an environmental management system, following the ‘Code of Conduct’ (known as 
‘CoC’) guidelines developed by the Department of Fisheries (DOF, 2002)^^ In this type 
of farm, seawater is filtered through a net before being introduced into à culturing pond. 
After disinfection by chlorine, it is left for at least seven days for natural de-chlorination. 
Limestone and burnt lime are then added to improve water quality in the pond before 
stocking the post-larvae. The stocking rate is higher than 325,000 post-larvae/ha. A 
mixture of rice husk, cattle manure and fertiliser is added subsequently to provide 
“effective” micro-organisms and nutrients in the pond. The oxygen level is maintained in 
the water by aerators, and water exchange is applied depending on the quality of water 
during the culturing period. Prohibited veterinary drugs identified by DOF are 
completely eliminated. Feeding is adjusted based on the results from the feed-checking 
trays. Before harvesting, the water is drained out of the pond and the wastewater is 
collected in the wastewater receiving canal system. The wastewater is left in the canals 
for at least a week before being discharged into the natural receiving waters. After 
harvesting, the pond is left to dry naturally for at least one month before starting the next 
production cycle.
35 . ,
CoC is the environmental management system for shrimp farming developed by Department of 
Fisheries.
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(2) Biological & CoC Farm: An intensive farming system is applied at this farm, with 
the implementation of CoC, Added to that, biological management strategies are 
practised, including: (i) minimising the use of chemicals by adding “Bochaki”, which is a 
mix of chicken manure, rice bran and rice husk with molasses, to provide the necessary 
micro-organisms and prepare the pond water quality for stocking; (ii) using permissible 
chemicals only when absolutely necessary, for instance in the event of a sudden and 
serious disease outbreak; and (iii) using mangrove plants to filter wastewater discharged 
from the shrimp pond before releasing it into common waterways. Other pond 
management practices are similar to the Conventional & CoC farm, except that water 
disinfectants are not used at this farm.
(3) Probiotic Farm: In this type of farm, intensive shrimp farming is applied with a 
combination of ‘Probiotic Farming Programme’ and shrimp-fish farming system^^. The 
probiotic farming is practised for culturing shrimp and the wastewater discharged from 
the shrimp ponds is used for culturing fish. After culturing fish, the wastewater from the 
fish pond is pumped out to a sedimentation pond for treatment before being discharged 
into common irrigation canals. The other pond management strategies are similar to the
Probiotic Farming Programme is a farming programme developed by a private company (a chemical 
and feed manufacturing company) in Thailand. The idea of probiotic farming is to utilise probiotic bacteria 
to manipulate the species composition of the microbial community in the shrimp pond. It is believed that 
pathogenic bacteria will be eliminated in this way, leading to quicker growth of beneficial bacteria. The 
prerequisites for participating in the probiotic farming programme, with respect to the farm's features, are: 
(i) a pond size less than 0.96 hectare  ^ (ii) a reservoir as well as a sedimentation pond for water supply and 
water treatment; (iii) a barrier surrounding the pond to prevent predators such as birds, crabs, dogs, etc. 
The additional requirements regarding the probiotic farming practices are: (i) use o f post-larvae produced 
by contracting hatcheries associated with the company; (ii) stock of post-larvae not more than 12,800 per 
hectare, (iii) use of feed produced by the company; (iv) any other inputs not listed in the programme- 
specified products can only be used after consultation with the company sale representative who is 
responsible for a particular farm. The participating farms must strictly adhere to the operational 
specifications otherwise the company will not secure the financial support. The company will not be 
responsible for crop failure from natural disasters, inattentive farming management, or deliberate harvest 
before the proper due time (Likitratanapaiboon, 2003; Lelapata, 2003; Chitikasilapin, 2003).
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Conventional & CoC farm, except that this farm uses diesel motors for the aeration 
systems rather than electricity.
(4) Ecological Farm: This farm aims to raise shrimps naturally by optimising input 
factors, the stocking rate is not more than 312,500 post-larvae/ha; there is no water 
exchange during the culturing period and under-rate feeding management is applied to 
sustain the pond productivity. Other management strategies are similar to the 
Conventional & CoC farm, except that tea seed is used to kill pathogens in water before 
being using in farming activities.
(5) ‘Going-to-be-Organic’ Farm: This farm is being converted from conventional to 
organic farming. The farming system operates at a lower stock density of not more than
312,500 post-larvae/ha and does not use any chemical inputs. Extracts from local 
vegetables or fruits are used to increase nutrient levels in the pond before stocking and to 
maintain water quality during the culturing period. Water exchange is applied as 
necessary. For the crop analysed in this study, two species (tiger prawn and freshwater 
shrimp, Macrobranchium Rosenbergii) were stocked in the pond in an attempt to 
experiment with the poly-culture concept, following the operational guidelines in the 
IFOAM basic standard of aquaculture organic production, as described earlier in Chapter 
2, Section 2.6.3.7. It is worth mentioning here that post-larvae and feed come from 
conventional sources as their organic sources are not yet available.
To summarise the differences between the five farms, the Biological & CoC, 
Conventional & CoC and Probiotic farms apply high stocking density, whilst the 
Ecological and Going-to-be-Orgamc farms use lower stocking rates together with a 
complete elimination of chemicals. The environmental management system following 
the CoC guidelines is implemented at the Biological and Conventional farms, but not at
The shrimp-fish farming system is the combination of shrimp and fish culturing. Fish is cultured in the 
pond after being used for culturing shrimp to clean up the wastewater from shrimp culture operation.
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the others. The Probiotic farm uses probiotic substances to manage the pond’s water and 
soil quality, while the Biological, Ecological and Going-to-be-Organic farms use organic 
inputs (effective micro-organisms or biological extracts). Table 6.4 provides the details 
of the inputs and outputs for each type of the farming system.
The activities and inputs covered in this study include the production of post-larvae, 
chlorine, rice bran, rice husk, fertiliser, burnt lime, limestone, feed, fresh fish, ice, energy, 
emissions to water and emissions from refrigerated truck (to transport shrimp to the 
central auction market). The following activities and interventions have been excluded 
from the study:
(i) the use of land, due to lack of an agreed methodology for impact assessment of land 
use;
(ii) the use of seawater and freshwater, as they are abundant natural resources and not an 
issue for concern;
(iii) the use of post-larvae (freshwater prawn), as inventory data are not available;
(iv) the use of effective micro-orgamsms, because only a very small amount is used and 
thus the emissions associated with their production can be considered negligible;
(v) the use of the biological extracts, as they are made by m ixing local vegetables/fruit 
surpluses with molasses and produce little impact on the environment;
(vi) the use of molasses, tea seed leaves, cattle and chicken manure because they are 
available as wastes from other production systems;
(vi) the use of probiotic substances (Clear97, Aquamonofix, and Aqua Vigor), as their 
inventory data are not available; and
(vii) transport of any inputs to farming except for the post-larvae, as the data are not 
available.
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Table 6.4 Inputs and outputs for the production of 1 tonne of shrimp at five farms
Inputs/Outputs Ouantitv
Conventional
&CoC^
Biological
&CoC7
Probiotic^ Ecological^ Going-to-be-
Organic^
Land (m )^ 1,590 1,067 1,263 1,510 3,900
Seawater (mh 6,837 2,720 4,743 2,114 2,900
Post-larvae (tiger prawn) (number) 59,618 38,333 57,895 47,180 82,508
Post-larvae (freshwater prawn) 
(number)
0 0 0 0 66,007
Chlorine (kg) 80 0 32 0 0
Effective Micro-organism (1) 6 10 32 12 0
Biological extract (1) 0 0 0 0 132
Cattle manure (kg) 6 0 0 0 0
Chicken manure (kg) 0 1,011 0 0 0
Rice bran (kg) 12 758 0 0 0
Rice husk (kg) 0 405 0 0 0
Molasses (1) 0 10 95 0 0
Freshwater (m^ 0 5 0 12 0
Fertilizer (kg) 13 22 0 0
Tea seed leaves (kg) 0 0 24 0
Burnt hme (kg) 595 533 310 815 0
Limestone (kg) 700 270 375 650 0
Clear97 (probiotic substance) (kg) 0 0 6 0 0
Aqua Monofix (probiotic substance) (kg) 0 0 36 0 0
Aqua Vigor (probiotic substance) (kg) 0 0 18 0 0
Feed (kg) 1,754 1,446 1,398 1,435 1,888
Fresh fish (kg) 134 0 176 0 0
Ice (kg) 795 667 1,053 940 495
Electricity (kWh) 2,990 1,105 0 1,267 • 0
Diesel (1) 0 Q 1,053 0 536
Wastewater (m^ 2,385 1,299 2,995 2,265 3,758
SS (kg) 246 118 1,250 249 765
BOD (kg) 43 47 42 15 82
Total N (kg) 20 13 22 14 36
NHj (kg) 3.1 1.8 10 3.3 22
Total P (kg)
n 1.^ • ______ -
1.2 2.2 1.2 0.4 2.5
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An issue of allocation arises in the Going-to-be-Organic farming system as the farm 
produces three co-products: 1,107 kg of tiger prawn, 42 kg of freshwater prawn and 63 
kg of non-target shrimp. The output of these co-products cannot be varied independently 
of each other so that the economic value of the products has been used as the basis for 
allocation, as described earlier in Section 5.4.3 of Chapter 5. The prices of tiger prawn, 
freshwater prawn and non-target shrimp are 170, 80 and 40 bath/kg, respectively. 
Therefore, the environmental interventions have been allocated to the co-products as 
follows: 58.62% to tiger prawn, 27.59% to freshwater prawn and 13.79% to non-target 
shrimp.
The post-larvae are transported from hatcheries to farms by pick-up van (see Table 6.1 
for the sources of post-larvae used by each farm). The one-way distances from the 
Phuket hatchery to the farms in Chacheongsao, Rayong and Chunthaburi provinces are 
944, 1,041 and 1,107 km respectively; the distances from the Chacheongsao hatchery to 
the farms in Chacheongsao, Rayong and Chunthaburi provinces are 30, 162 and 249 km, 
respectively.
The inventory data for post-larvae, rice bran, rice husk, feed and energy were described 
in previous sections. The interventions associated with production of chlorine, fertiliser, 
limestone and burnt lime have been taken from the SimaPro databases. Thus, only the 
interventions associated with the use of and refrigerated trucks are described here. As 
liming materials (limestone and burnt lime) are one of the major inputs, the detail 
associated with their properties is also given here.
6.2.3.1 Liming materials (limestone and burnt lime)
With specific reference to liming materials, both limestone (calcium carbonate, CaCOs) 
and burnt lime (calcium oxide, CaO) are used at farms for neutralising the acidity, i.e. 
increasing pH, of pond water and soil to an optimum level. Calcium oxide is also known 
as unslaked lime or quicklime (College of Agricultural Sciences, Pennstate University,
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2004), and in this study it is called “burnt lime”. Burnt lime is made by burning calcining 
in kilns at high temperature (Boyd et al., 2002). Based on the SimaPro database, 1.1 kg 
of natural chalk (raw material) is used to produce 1 kg of limestone and 2 kg of limestone 
is further processed into 1 kg of burnt lime. Environmental interventions associated with 
production of limestone and burnt lime have been taken from the SimaPro database.
6.2.3.2 Use of refrigerated truck
A truck equipped with refrigeration systems is used to transport chilled shrimps from the 
farm to the central shrimp auction market. For this study, it has been assumed that:
(1) the refrigeration systems are powered by diesel;
(2) the rate of diesel consumed by the truck refrigerator is 1.5 1/h (Thermo King Thailand,
2004) and its associated emission factors have been obtained from Bennett (2004);
(3) the leakage of refrigerant from the truck refrigerator system is approximately 0.2 to 
0.6 kg/year (average 0.4 kg/year) (Bennett, 2004); and
(4) the interventions associated with the use of the truck for transport have been taken 
from the SimaPro database.
6.2.3.3 Selected inventory results
Figure 6.7 presents quantitative comparison of some selected inventory results for the 
different farming systems, based on 3 kg of adult shrimp (which are then processed in the 
next stage into one block-frozen shrimp). Overall, the Conventional & CoC farm 
generates the highest environmental loads and they are lowest in the Going-to-be-Organic 
farm. As can be seen from the figure, the use of resources and the emissions vary greatly 
from farm to farm. For example, the use of lignite is between 217 g for the Going-to-be- 
Organic farm to 2,345 g for the Conventional & CoC farm; crude oil ranges from 2,293 g 
for the Going-to-be-Organic farm to 8,127 g for the Conventional & CoC farm; the use of 
natural gas varies from 0.04 cm  ^ for the Going-to-be-Organic farm to 5 cm  ^ for the
124
Chapter 6 Life cycle assessment o f block-frozen shrimp
Conventional & CoC farmland the use of energy varies from 3.3 for the Going-to-be- 
Organic farm to 15.6 kWh for the Conventional & CoC farm.
Emissions of major air pollutants also vary roughly from 2 to 3 times: CO varies from 5.1 
g (the Going-to-be-Organic farm) to 13.6 g (the Conventional & CoC farm); CO2 from
6.3 kg (the Going-to-be-Organic farm) to 17.7 kg (the Conventional & CoC farm); N0% 
levels are between 23.8 g for the Going-to-be-Organic farm to 49.3 g for the 
Conventional & CoC farm and SO2 ranges from 10.6 g for the Going-to-be-Organic farm 
to 31.1 g for the Conventional & CoC farm. The emission of CH 4 is particularly high 
from the Biological & CoC farm, about 114 g, compared to only 19 g from the Going-to- 
be-Organic farm.
However, emissions to water are the highest from the Going-to-be-Organic farm. This 
farming type emits to water 158 g of organic matter, 43 g of N H 3 (as N), 70 g of nitrogen, 
5 g of phosphate and about 1.5 kg of suspended solids. In contrast, water emissions from 
the Ecological farm are lowest: 46 g of organic matters; 10 g of N H 3 (as N), 0.002 g of 
nitrogen, 2 g of phosphate and about 0.8 kg of suspended solids. It should also be noted 
that the suspended solids released from the Probiotic farm are as high as 3.75 kg.
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6.2.4 Shrimp processing
Production of block-frozen shrimp involves freezing the shrimp into a block form; the 
processing liiethod has been described in more detail in Chapter 3. The inventory data 
associated with the block-frozen processing line are based on the actual processing 
operations. The inputs for processing the block-frozen shrimp, detailed in Table 6.5, are: 
shrimp, water, ice, electricity and packaging materials (plastic bag and paper box). After 
processing, the final product is kept in a cold storage room prior to transport to the port 
by a refrigerated truck.
Table 6.5 Inputs and outputs for producing one block (1.8 kg) of frozen shrimps
Inputs/Outputs Items Quantity
Inputs Shrimp (kg) 3
Water, for processing (1) 25
Plastic bag (g) 9
Paper box (g) 17
Ice (kg) 2.44
Electricity (kWh)* 1.56
Outputs^ Suspended Solids (mg) 1.45E-03
BOD (mg) 8.68E-04
Total N (mg) 7.13E-04
NH3 (mg) 7.35E-05
Total P (mg) 9.22E-04
Shrimp waste (kg)"^ 1 . 2
* The figure is the total energy consumption, which includes: 0.4 kWh by the compressor; 0.6 kWh by the cold storage; 
0.5 kWh by the ieemaker; 0.02 kWh by the water-spraying (for adding water into the blocks); 0.01 kWh by the water- 
spraying (for the block removal); and 0.03 kWh by the lights of the working area.
 ^The shrimp waste contains shrimp heads from the head-off stage and defective shrimps removed, which is about 0.9 
kg, in addition, some shrimp flesh (about 0.3 kg) is also lost during processing especially during the washing stages.
Wastewater can be divided into three types: wastewater from the washing tanks, low-temperature wastewater from the 
icy-water containers, and normal-temperature wastewater. However, only the wastewater from the washing tanks was 
analysed in this study because it is likely to contain pollutants due to small particles of shrimp flesh and soluble 
proteins. The water pollutants from the icy-water containers and other point sources such as the water-spraying 
machine are presumed to be negligible.
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The interventions associated with the production of electricity have already been 
explained in sections 6.2.2.1 and 6.2.2.2. Thus, only the interventions associated with 
ice, packaging, shrimp processing and energy consumption by the cold storage room are 
explained in the following sections.
6.2.4.1 Production of ice
Ice used for block-freezing is produced by an on-site ieemaker machine. On average, 110 
kWh of electricity is used for producing 1,000 kg of ice (Anonymous, 2003a).
6.2.4.2 Production of packaging materials
Packaging materials include plastic bags (made from expandable polystyrene) and carton 
boxes. The inputs and outputs for the production of polystyrene have been taken from 
the SimaPro database and the inputs and outputs for carton-box production in Thailand 
have been taken from Ongmongkolkul (2001).
6.2.4.3 Solid wastes
Solid wastes generated during the processing of block frozen shrimps are shrimp waste 
and plastic bags. Out of 3 kg of farmed shrimps in the input, the waste generated include 
0.9 kg of shrimp heads and 0.3 kg of defective shrimps taken off at the weighing and 
checking stage as well as the flesh dispersed in wastewater during the washing stage. 
Shrimp heads are sometimes sold to animal feed factories but are more often disposed as 
waste. As the inventory data for animal feed factories were not available, it has been 
assumed in this study that the shrimp heads are a waste material so that the environmental 
interventions are completely allocated to the frozen shrimp.
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6.2.4.5 Cold storage
The energy requirement for the cold storage is 0.0025 MJ/l day (Enquete Comission, 
1994). The volume of one block of frozen shrimp is estimated to be 2.25 1, thus 0.0015 
kWh/day of energy is consumed for cold storage.
6 2.4.6 Selected inventory results
Figure 6.8 shows the comparisons of selected inventory results for the supply chain up to 
and including processing of frozen shrimp using different hatcheries and farming 
systems. For instance, to produce one functional unit of 1.8 kg of block-frozen shrimp 
sourced from the Conventional and CoC farm and Phuket hatchery -environmentally the 
worst case -  requires 530 g of coal, 4.6 kg of crude oil, 3.3 kg of lignite, 5.7 cm  ^ of 
natural gas and 19.5 kWh of energy. In comparison with the processing using the shrimp 
from the Going-to-be-Organic farm (Chacheongsao hatchery), the use of energy is about 
two to three times lower; it depletes 90 g of coal, 2.9 kg of crude oil, 1.2 kg of lignite, 
2,016 1 of natural gas and 7.6 kWh of energy. However, the environmental loading is not 
always lowest when using the shrimp farmed by the Going-to-be-Organic farm; as 
highlighted earlier, water emissions from this farming type are largest, leading to the 
highest levels of water pollutants emitted in the supply chain up to and including 
processing stage as well.
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6.2.5 Distribution of the Block-frozen Shrimp Overseas
The environmental interventions associated with the transport of shrimp overseas include 
the use of a refrigerated truck for transporting the products from the processing plant to 
the port and use of a refrigerated container ship for transporting the product from the port 
in Thailand to the importing countries (USA, Japan and the UK). At the destination, the 
products are stored in cold warehouses before further transport to wholesalers and 
retailers. Thus, additional interventions are associated with the energy used in the 
warehouses; transport of the product from the warehouses to the wholesalers and from 
the wholesalers to retailers; the use of refrigerators/freezers at the wholesalers and 
retailers. These activities are detailed in the following sections.
6.2.5.1 Transport from the processing plant to the port
The shrimp is transported by refrigerated trucks from the processing plant to the port, 
over an average distance of 10 km (return trip). The environmental interventions 
associated with the use of refrigerated trucks have been detailed earlier.
6.2.52 Transport overseas
The main shrimp importing countries are the UK, USA and Japan; these three 
destinations have been considered in this study. The shrimp product is transported by 
refrigerated container ship over the following distances: 9,289 nautical miles (17,203 km) 
from Bangkok to London, the UK; 7,900 nautical miles (14,630 km) from Bangkok to 
Seattle, USA; and 2,990 nautical miles (5,537 km) from Bangkok to Tokyo, Japan^^. The 
environmental interventions associated with this activity include consumption of diesel 
for motive power and refrigeration and the related emissions to the environment. The 
environmental interventions from the use of the ship have been taken from the SimaPro
The distances between ports are obtained from http://www.maritimechain.com/port/port_distance.asp 
(last accessed November 2004)
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database. The inventory data for ship refrigeration are based on the data for diesel-based 
refrigerated trucks (Thermo King Thailand, 2004; Bennett, 2004).
6.2.S.3. Storage in refrigerated warehouses
Before being distributed to the wholesalers and retailers, the shrimp is stored in cold 
storage warehouses for approximately seven days. The energy used in the warehouses in 
the UK is 0.00039 kWh/kgday (Byjolfsdottir et al., 2003). The same energy 
consumption has been assumed for the storage warehouses in the USA and Japan. The 
inventory data of electricity production in the UK and Japan have been obtained from the 
SimaPro database and the Energy Data and Modelling Centre (2003) respectively. The 
electricity production systems in the USA are: 50% from coal, 18% from natural gas, 
20% from nuclear power, and 12% from other sources (such as hydropower, 
petroleum)^^. In this study, the environmental interventions of electricity production in 
US have been assumed to be the same as in the UK because of the similar mix of energy 
sources.
6.2.5.4 Transport to wholesalers and retailers 
For the purposes of this study, it is assumed that:
(1) the distance from the refrigerated warehouses to the wholesaler is 300 km and from 
the wholesaler to the retailer 200 km;
(2) the product is stored in freezers at the wholesalers for three days before shifting it to 
the retailers; the energy used for cold storage is 0.225 MJ/kg day (Ziegler, 2003); and
(3) the product is stored in freezers at the retailers for two days before being bought off 
the shelf by consumers; the energy used for cold storage is 2.75 MJ/kg day (Ziegler, 
2003).
The data were provided by the Official Energy Statistics from the US Government, obtained from 
http://www.eia.doe.gov/cneaf/electricity/epm/tableeslb.html (last accessed October 2004).
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6.2.5.5 Selected inventory results
Selected inventory results for the distribution stage are shown in Figure 6.9. This is 
based on the transport of 3 kg of one block of frozen shrimp (1.8 kg shrimp plus the ice). 
The distribution activities mainly involve the use of electricity for storage and transport 
by refrigerated trucks (domestic) and refrigerated container ships (international). 
Significant use of coal is found in the USA and UK, about 2 kg/functional unit, due to the 
significant contribution of coal in the energy mix of these countries. Almost 5 kg of CO2 
per functional unit are released as a consequence of energy used for distribution of the 
product. In contrast, Japan uses natural gas as the main source of energy and that emits 4 
kg of CH 4, which is several orders of magnitude higher than for the distribution to the 
USA and UK.
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Figure 6.9 Selected inventory results for the distribution stage to different destination 
countries (USA, Japan and UK), based on 3 kg of one block of frozen shrimp including 
ice (quantity units are specified on the x axis)
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6.2.6 Shrimp Consumption
The interventions associated with shrimp consumption considered here include transport 
of consumers by car to the retailer to buy shrimp and food preparation at home. 
Assuming that there are many items in a consumer basket including block-frozen shrimp, 
the emissions associated with the use of car would have to be allocated to all products; it 
would be difficult to generalise these calculations and therefore the emissions from car 
have been excluded fi-om this study.
The following assumptions have been made for the preparation and cooking methods:
(1) the shrimp is stored in a domestic freezer for one day before cooking; the energy used 
by a household fi-eezer is 0.015 MJ/l day (Retailer, 1999);
(2) the whole package of block-frozen shrimp is consumed in one meal and the shrimp is 
defrosted for five minutes using the maximum energy rate for defrosting of 0.011 MJ/min 
(Jungbluth, 1997);
(3) the shrimp is cooked in an oven for seven minutes; the typical energy use in electrical 
ovens is 0.163 MJ/min (Jungbluth, 1997); and
(4) the energy used by a domestic dishwasher is about 0.7 kWh per wash and the water 
used for 14 place settings is 12 1, based on the most efficient mode use, reported by 
Morelli (1998); it has been assumed that the items used for shrimp cooking and eating 
occupy half of one place setting (under the assumption that shrimp is not the only dish on 
the table); thus the energy used is 0.025 kWh.
6.2.6.1 Selected inventory results
Figure 6.10 shows selected inventory results for the shrimp consumption stage. This 
stage mainly involves the use of electricity for food preparation and cooking. This is 
therefore linked to the energy source and generation in the particular importing country, 
as explained earlier in section 6.2.5. Per functional unit, shrimp consumption in the UK 
and USA depletes 1.9 kg of coal, 0.6 kg of crude oil and 0.008 cm  ^of natural gas (note
134
Chapter 6 Life cycle assessment o f block-frozen shrimp
that that electricity mix is assumed the same in these two countries). In Japan, the 
equivalent figures are 0.5 kg of coal, 0.5 kg of crude oil and 57.56 cm  ^ of natural gas. 
Air pollutants as a consequence of shrimp consumption in the UK (as well as the USA, as 
noted above) are 1 g of NOx and 2 g of SO* per functional unit, whilst they are much 
lower in Japan.
□ USA
■ Japan
□ UK
Figure 6.10 Selected inventory results associated with the consumption of block-frozen 
product in different importing countries (quantity units are specified on the x axis)
6.2.7 Waste Management
The solid wastes generated in the consumption stage are shrimp shells and packaging 
materials. It has been assumed that 200 g of shrimp shells, 30 g of paper box and 9 g of 
plastic bag are discarded as solid waste in this stage. The three waste scenarios based on
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the waste management approaches in each of the three destination countries are described 
below.
6.2.7.1 USA
About. 10% of food waste in USA is incinerated, 2.6% is composted and 87.4% is 
landfilled (Heller and Keoleian, 2003). Based on the figure given in the SimaPro 
database, the paper recycling rate in the USA is 20%. Thus, in this study it has been 
assumed that about 2.6% of shrimp shells are composted; 20% of paper is recycled; 90% 
of the remaining waste is landfilled and 10% is incinerated.
6.1.12 Japan
About 77.3% of waste in Japan is incinerated, 5.9% is landfilled, 12% is composted, 
4.3% is recovered for direct use and 0.5% is managed in another (undefined) way 
(Ministry of Environment, Japan, 2003). The paper recycling rate in Japan is 49.6%, 
based on the figure given in SimaPro database. It has been assumed that about 12% of 
shrimp shells are composted; 49.6% of paper is recycled; 17.9% of the remaining waste is 
landfilled; 77.3% is incinerated and the management of the rest of the waste (4.8%) is not 
specified. In addition, waste-to-energy plants in Japan are assumed to be already fully 
loaded so that incremental extra waste does not contribute additional energy.
6.1.1.?> UK
Approximately 77% of municipal solid waste in England is disposed to landfill, 13% is 
composted and recycled, 9% is incinerated and less than 1% is managed in another 
(unspecified) way (DEFRA, 2003). It has been assumed that 13% of shrimp shells are 
composted; waste paper is completely landfilled; 90% of the remaining waste is 
landfilled, 9% is incinerated and the management of the rest of the waste (1%) is not 
specified.
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6.2.8 Sewage Treatment
Sewage treatment has been included in the system boundary of this study. This is due to 
concern over the high nutrient content of shrimp meat compared to other protein sources 
that will pass through the human organism and end up in the sewage system. This 
nutrient loading has a potential to contribute particularly to eutrophication. Therefore, the 
assessment of the shrimp post-consumption impact from sewage treatment is based on the 
nutrient content of shrimp and the sewage sludge treatment.
According to the USDA Nutrient Database for Standard Reference (USDA, 2002), 85 g 
of shrimp contains 17.77 g of protein of which 16.9% is nitrogen and 116.45 mg of 
phosphorus. Therefore, one block-frozen package (1.8 kg) contains 56.54 and 2.19 g of 
nitrogen and phosphorus, respectively (note that this is based on 1.6 kg of usable shrimp, 
as 200 g will be discarded with the shell). As the accumulation of N and P in the human 
body is very small, it has been assumed that the same amount of nutrients reaches the 
sewage system. Nutrient removal efficiency by the sewage treatment plant of 75% has 
been assumed (DEFR, 2003). Energy consumption of 18 MJ/kg of N reduced from the 
wastewater has been assumed for the sewage treatment plant (Ziegler, 2003). Therefore, 
the calculated amount of nutrient loading in the sewage treatment plant per functional 
unit is 2.40 g of nitrogen and 0.094 g of phosphorus. The energy used by the sewage 
treatment plant is 0.043 MJ per functional unit.
6.2.8.1 Selected inventory results
Figure 6.11 shows selected inventory results for the waste management stage. 
Environmental loads are mainly from heavy metals, as a result of landfilling shrimp 
shells. The heavy metals are particularly high in the USA and the UK because of 
additional burdens associated with the higher proportion of paper box that are sent to 
landfill site, compared to Japan. For instance, 113 ng/FU of Cd is released from the 
waste management in the USA and UK while it is 87 ng in Japan.
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Figure 6.11 Selected inventory results for the waste management stage (including 
sewage treatment) based on the waste generated from consumption of one block of frozen 
shrimp (quantity units are specified on the x axis)
6.2.9 Selected inventory results for the whole life cycle
Figure 6.11 shows selected significant environmental loads over the whole life cycle of 
the block-frozen shnmp produced from Conventional & CoC farm using post-larvae from 
the Phuket hatchery (again, note that further detail of inventory results are given in 
Appendix A), which is the worst case identified from this study. The inventory results 
show that the life cycle production and consumption activities of one block of frozen 
shrimp consume per functional unit 2.8 kg of coal, 3.3 kg of lignite, 9.3 kg of crude oil, 
and 5.8 cm of natural gas. In addition to this, 20 kWh of electrical energy is used. 
Major air pollutants emitted are CO2 (24 kg), NO^ (68 g) and SO2 (63 g). Significant 
water pollutants are mainly suspended solids (about 1 kg) and nutrient loading to aquatic 
environment (0.13 kg).
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In the following section these environmental burdens are translated into the potential 
impacts.
6.3 Life Cycle Impact Assessment
Three different Life Cycle Impact Assessment (LCIA) methods have been used in this 
study to evaluate the life cycle impacts of the block frozen shrimp system: CML 2 
baseline 2000, EPS 2000 and Eco-indicator 99. This section presents the LCIA results 
based on the most widely used CML 2 Baseline 2000 method (see Section 5.2 of Chapter 
5 for its description). This method applies the generally accepted midpoint approach, 
rather than the consequences of these effects, to calculate environmental impacts 
somewhere at the intermediate position between the point of intervention and the ultimate 
damage caused by that intervention. Again, the standard impact categories included in 
this method and analysed in this study are:
• abiotic depletion;
global warming potential; 
stratospheric ozone depletion; 
human toxicity;
ecotoxicity (includes terrestrial, freshwater and marine ecotoxicity); 
photochemical oxidant formation; 
acidification; and 
eutrophication.
The LCIA results obtained using the CML method show that the major ‘hot spots’ (i.e. 
activities giving rise to the key environmental issues) in the life cycle of the frozen 
shrimp is farming, which contributes on average 50% of the total impacts from the 
system. Given its importance, this stage is discussed in more detail below. This is 
followed by the discussion of the hatcheries, which are also an important part of the 
shrimp life cycle production system.
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6.3.1 The Key Life Cycle Stage: Shrimp Farming
6.3.1.1 Conventional & CoC Farm
Figures 6.13a&b show the environmental profile of shrimp produced by Conventional & 
CoC farm, using post-larvae from the two hatcheries: Phuket and Chacheongsao. The 
results indicate that farming 3 kg of adult shrimp by using post-larvae from the Phuket 
hatchery to produce one functional unit of 1.8 kg block-frozen shrimp depletes 0.27 kg- 
Sb eq. of non-renewable resources and contributes 15.6 kg CO2 eq. to global warming 
and 1,425 kg 1,4-DB eq. to marine toxicity. The use of post-larvae from the 
Chacheongsao hatchery generates slightly lower impacts, depleting 0.18 kg Sb eq. of 
non-renewable resources and contributing 14.9 kg C02-eq. to global warming and 1,425 
kg 1,4-DB eq. to marine toxicity. The normalised LCA results, shown in Figures 
6.14a&b indicate that marine toxicity, abiotic resource depletion and global wanning are 
the most significant impacts for both hatcheries. However, the production system using 
post-larvae from the Phuket hatchery has a slightly higher abiotic resource depletion, 
global warming, photochemical oxidant formation and acidification, mainly due to longer 
distances to transport post-larvae to the farm site in Chunthaburi province. The higher 
amount of artemia cysts used for nursing post-larvae at the Phuket hatchery also 
contributes to the higher impacts especially photochemical oxidant formation, as a result 
of the burdens associated with using speedboats and flat bottom boats for harvesting the 
cysts and their transport by air. ^
Figures 6.14a&b show the relative contributions of inputs and outputs to the impacts. 
The major contributors from both hatcheries are the use of electricity, feed and burnt 
lime. For instance, from the production system using post-larvae from the Phuket 
hatchery, the use of electricity contributes significantly to terrestrial toxicity (60%) and 
global warming (55%). The use of burnt lime contributes substantially to marine toxicity 
(42%) while the use of feed gives rise to ozone depletion (34%). In addition, the
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wastewater discharged from shrimp ponds contributes significantly to eutrophication 
(91%).
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Figure 6.13 The environmental profile of shrimp produced by Conventional & CoC 
farm, using post-larvae from the two hatcheries (based on 3 kg of shrimp produced)
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6.3.1.2 Biological & CoC Farm
Figures 6.16a&b show the environmental profiles of shrimp produced by Biological & 
CoC farming for both hatcheries (Phuket and Chacheongsao). The results, based on 
farming 3 kg of adult shrimp, indicate that shrimp production from Phuket post-larvae 
depletes 0.18 kg Sb eq. of non-renewable resources and contributes 10.5 kg CO2 eq. to 
global warming and 945 kg 1,4-DB eq. to marine toxicity. The use of post-larvae from 
the Chacheongsao hatchery consumes 0.10 kg Sb eq. kg of non-renewable resources and 
contributes 9.8 kg C02-eq. to global warming and 978 kg 1,4-DB eq. to marine toxicity. 
Similar to the Conventional & CoC farming, the normalised LCA results, shown in 
Figures 6.17a&b indicate that the marine toxicity, abiotic depletion, and global warming 
are most significant impacts from this farming type for both hatcheries.
Figures 6.18a&b show the relative contribution of inputs and outputs to the total impact- 
from this farming system. The major contributors are the use of electricity, feed and 
burnt lime. In addition, nutrients in the wastewater significantly contribute to 
eutrophication. For instance, the use of electricity at the Phuket hatcheiy contributes 
44% to terrestrial toxicity; the use of feed contributes 52% to ozone depletion; and the 
use of burnt lime contributes 57%to marine ecotoxicity. Furthermore, the use of pick-up 
van has a high impact on abiotic depletion (61%) while rice husk contributes 20% to 
photochemical oxidant formation and 15% to global warming. Ninety percent of 
eutrophication is generated by the wastewater discharge. Compared to the Chacheongsao 
hatchery, the Phuket hatchery has higher impacts particularly abiotic depletion, 
photochemical oxidant formation and acidification, as a consequence of using a pick-up 
van for transport.
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Figure 6.16 The environmental profile of shrimp produced by Biological & CoC farm, 
using post-larvae from the two hatcheries (based on 3 kg of shrimp produced)
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Figure 6.17 Normalised LCIA results for the Biological & CoC farm, using post-larvae 
from the two hatcheries (based on 3 kg of shrimp produced)
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Figure 6.18 Contributions to the environmental impacts of different life cycle stages for 
the shrimp produced by Biological & CoC farm, using post-larvae from the two 
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6.3.1.3 Probiotic farm
Figures 6.19a&b show the environmental profiles of shrimp produced by Probiotic 
farming, for the Phuket and Chacheongsao hatcheries. The figures show that this type of 
farming using post-larvae from the Phuket hatchery depletes 0.20 kg Sb eq. of non­
renewable resources, and contributes 549 kg 1,4-DB eq. to marine toxicity and 0.033 kg 
P0 4 -eq. to eutrophication (based on culturing 3 kg of adult shrimp). Use of post-larvae 
from the Chachengsao hatchery generates the same magnitude of impacts, but consumes 
less non-renewable resources (0.10 kg Sb eq.). Abiotic depletion, photochemical oxidant 
formation and acidification from the Chachengsao hatchery is also lower than the from 
the Phuket hatchery due to the shorter distance from hatchery to farm. The normalised 
LCA results, shown in Figures 6.20a&b, indicate that the marine toxicity, abiotic 
depletion and eutrophication are the most significant impacts related to this farming type, 
for both hatcheries.
The relative contributions of different life cycle stages related to this farming type are 
shown in Figures 6.21a&b. The major contributors are the use of diesel, feed and burnt 
lime in both hatcheries. In addition, wastewater significantly contributes to 
eutrophication. For instance, the use of refrigerated truck related to the Phuket hatchery, 
contributes 53% to abiotic depletion while the use of diesel is responsible for fiirther 30% 
of this impact. The life cycle of the feed is the major contributor to ozone depletion 
(77%); the use of burnt lime contributes 57% to marine ecotoxicity. Eutrophication 
mainly arises from the discharge of wastewater (94%). Overall, abiotic depletion, 
photochemical oxidant formation and acidification are higher from the Phuket hatchery 
because of the longer distances travelled by pick-up vans.
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Figure 6.19 The environmental profile of shrimp produced by Probiotic farm, using post­
larvae from the two hatcheries (based on 3 kg of shrimp produced)
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Figure 6.20 Normalised LCIA results for the Probiotic farm, using post-larvae from the 
two hatcheries (based on 3 kg of shrimp produced)
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6.3.1.4 Ecological farm
Figure 6.22 shows the environmental profiles of shrimp produced by Ecological farming, 
using the post-larvae produced from the on-site hatchery. The figures show that farming 
3 kg of adult shrimp for one functional unit of 1.8 kg block-fi-ozen shrimp depletes 0.10 
kg Sb eq. of non-renewable resources and contributes 9.9 kg CO2 eq. to global warming, 
1,326 kg 1,4-DB eq. to marine toxicity and only 0.004. kg PO4 eq. to eutrophication. 
Based on the normalised LCA results, as shown in Figure 6.23, the most significant 
impacts fi-om this farming type are: marine toxicity, abiotic depletion and global 
warming. As shown in Figure 6.24, the results indicate that the major impact 
contributors are: the use of electricity, feed, burnt lime and transport by refrigerated 
truck. The use of electricity contributes 44% to abiotic depletion; of the life cycle of the 
feed contributes 42% to the ozone depletion while the use of refrigerated truck 
contributes further 20% to this impact category. The life cycle of burnt lime generates 
62% of marine toxicity.
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153
Chapter 6 Life cycle assessment o f block-frozen shrimp
3.00E-12
2.50E-12
2.00E-12
liOE-12
l.OOE-12
5.00E-13
S  Refrigerated truck 
S  Electricity 
S ice 
□Feed 
S  Burnt lime 
S  Limestone 
fi Fertiliser
i  Chunthaburi post-larvae 
■ Wastewater
ADP GWP ODP HTP FIP MTP TIP POCP AP
Figure 6.23 Normalised LCIA results for the Ecological farm, using post-larvae 
produced on-site (based on 3 kg of shrimp produced)
S  Refrigerated truck 
S  Electricity 
S ic e  
□Feed 
□  Burnt lime
0  Limestone
■  Fertiliser
1  Chunthaburi post-larvae
■  Wastewater
ADP GWP ODP HTP FIP MTP U P  POCP AP EP
Figure 6.24 Contributions to the environmental impacts of different life cycle stages for 
the shrimp produced by Ecological farm, using post-larvae produced on-site
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,6.3.1.5 Going-to-be-Organic farm
Figure 6.25 shows the environmental profiles of shrimp produced by Going-to-be- 
Organic farm, using the post-larvae produced from the Chachengsao hatchery. The 
figure shows that farming 3 kg of adult shnmp depletes 0.06 kg Sb eq. of non-renewable 
resources and contributes 2.7 kg CO2 eq. to global warming, 184 kg 1,4-DB eq. to marine 
toxicity and generates 0.035 kg PO4 eq. to eutrophication. These have been identified 
from the normalised results, shown in Figure 6.26, as the most significant impacts. The 
relative contributions to the impacts of input and outputs, as shown in Figure 6.27, 
indicate that the use of feed, post-larvae and diesel are the main contributors to the 
impacts.
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Figure 6.25 The environmental profile of shrimp produced by Going-to-be-Organic farm, 
using post-larvae from Chacheongsao (based on 3 kg of shrimp produced)
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6.3.1.6 Major contributors to environmental impacts: energy, feed and burnt lime
As previously described, the LCA results show that the major contributors to the 
significant impacts common among the five different farming systems are energy, feed 
and burnt lime. Thus it is worth exploring the environmental interventions and impacts 
associated with these systems. This is summarised in Table 6.6.
Table 6.6 Impacts associated with the production of electricity, feed and liming materials
Impact
categories
1 kWh o f  energy 1 kg o f  feed Liming materials
1.79 kg o f  limestone^ 1 kg o f  burnt lime
ADP 0.00089 0.0055 0 . 0 0 0 1 1 0.0039
GWP 0.073 0.34 0.018 1.38
ODP 2.94E-08 4.43E-07 1.51E-08 8.10E-08
HTP 0.0051 0.07 0.0034 0.18
FTP 0.00071 0 . 0 1 0.00027 0.032
MTP 4.17 42.8 0.75 336
TTP 7.19E-05 0.00039 4.24E-06 0.00093
POCP 8.17E-06 7.63E-05 4.06E-06 0.00013
AP 0.00017 0.0017 0.00019 0.0028
EP 6.03E-06 7.82E-05 0.000041 0.00015
Note: * equivalent to the functional unit of 1 kg of burnt lime in terms of neutralising the acidity
(i) Energy
The main source of energy for electricity production in Thailand is natural gas (56.48%) 
(see Section 6.2.2.3). The use of natural gas leads to a particularly high marine toxicity, 
mainly due to the emission of HF and Ba as a consequence of natural gas extraction.
(ii)Feed
The most significant impacts associated with the shrimp feed production are marine 
toxicity and global warming (see the inventory data in Section 6.2.4). Figure 6.28 shows 
that the use of fishmeal is the main contributor to all impact categories. Note that fiirther
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detail on the inventory and impact results for the feed are given in Appendices A 
(inventory analysis) and B (impact assessment).
\
Tracing back the fishmeal production along the supply chain, the use of diesel for fish 
harvesting (the essential raw material for fishmeal production) by the trawler contributes 
87% to the overall impacts. Using the average Feed Conversion Ratio (FOR) of 1.6 for 
the five farms analysed in this study, 7.6 kg of marine-caught fish is used to process 1.9 
kg of fishmeal. This amount of fishmeal is further used for producing 4.8 kg of shrimp 
feed which can then be used to grow shrimp in ponds, producing 3 kg of adult shrimp. 
Table 6.8 summarises the energy used for producing 3 kg of farmed shrimp (which is 
further processed into one block of frozen). In summary, producing 4.8 kg of shrimp 
feed to raise 3 kg of adult shrimp requires 2.565 1 of diesel, 1.4 kg of steam and 1 kWh of 
electricity.
Table 6.7 Energy used for producing 3 kg of farmed shrimp, based on the average FOR 
(Feed Conversion Ratio) of five farms analysed in Thai study which is 1.6
Activities Quantity (kyd Energy use
Marine fish* 7.6 1.91 of diesel (by trawler)
Fishmeaf 1.9 0.5 kg of diesel 
0.4 kWh of electricity
Shrimp feed^ 4.8 1.4 kg of steam 
0.065 kg of diesel 
0.6 kWh of electricity
 ^ See the inventory results for the fishmeal production in section 6.2.2.4 (4 kg of marine- 
caught fish is used for producing 1 kg of fislimeal)
 ^See the inventory results for the shrimp feed production in Table 6.3 (0.4 kg of fishmeal is 
used for 1 kg of shrimp feed)
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Figure 6.28 Contribution to the environmental impacts of different inputs and outputs in 
the production of shrimp feed
(Hi) liming materials
Burnt lime is used at farms especially when a rapid change in pH is desired, because of a 
higher percentage of Calcium Carbonate Equivalent (% CCB^ ®). Limestone (i.e. calcium 
carbonate) has a CCE of 179% which means that 1.79 times more limestone is needed to 
achieve the same pH as with burnt lime. As formerly described in Section 6.2.3.1, 2 kg 
of limestone is used to produce 1 kg of burnt lime and 1.1 kg of limestone (raw material) 
is used to produce 1 kg of limestone. The amount of limestone (raw material) used for 
producing 1 kg of burnt lime is 2 kg, whilst limestone needs 1.9 kg (i.e. 1.1x1.79) for the 
same neutralising acidity. Therefore, there is no difference in terms of the quantity of 
limestone (raw material) used for producing both of limestone and burnt lime so that to
40
The amount of acidity that the material can neutralise is expressed as % CCE (Calcium Carbonate 
Equivalent), and equals to the amount of acidity that the material can neutralise when compared to pure 
calcium carbonate; e. 100% CCE is assumed for calcium carbonate (United States Department of 
Agriculture: USDA, 2002).
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achieve the same neutralising acidity effect. However, the impacts associated with their 
uses are rather different: burnt lime has much higher impacts for all impact categories. 
The magnitude of impacts is particularly high for marine toxicity, about 300 times that of 
calcium carbonate (note that this is based on the impacts assessed by using the CML 2 
baseline 2000 method).
It is worth noted here that the modelling of toxicity is associated with the assumptions 
made in each LCIA methods. With specific to the CML 2 baseline 2000 method in the 
SimaPro software, discounting has not been applied for further impact, so stable elements 
have a very long life time coupled with the fact that the sink in the ocean is slow (PRé 
Consultant, 2003). This assumption results in higher magnitude of impacts especially 
related to the emission of HF for which a mean oceanic residence time of 80 million 
years is calculate. However, the results from the other two methods (i.e. EPS 2000 and 
Eco-indicator 99) also show that burnt lime has higher ecotoxicity impacts than 
limestone, but about 200 times.
6.3.3 Comparison of different hatcheries
The hatchery is one of the main units in the production system. As the choice of the 
hatchery affects the environmental performance of the farming systems, it is interesting 
to examine how different hatcheries compare in terms of their environmental 
sustainability.
Table 6.8 shows the impacts resulting from the three hatcheries: Phuket, Chacheongsao 
and Chunthaburi, respectively. As can be seen from the results, culturing post-larvae at 
the Chunthaburi hatchery results in the highest impacts. When compared with the 
Chacheongsao hatchery, the impacts from the Chunthaburi hatchery are greater because 
of the longer distance to transport broodstock to the farm and the hatchery site. For the 
Chacheongsao and Chunthaburi hatcheries, the contribution to global warming potential
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is also significant because of the impacts associated with the use of energy and the 
transport by pick-up vans.
From the normalised results, shown in Figures 6.29a-c, the most significant impacts from 
the three hatcheries are abiotic depletion, marine toxicity and global warming. Marine 
toxicity is particular high from the Phuket and Chacheongsao hatcheries because of the 
chlorine use for water disinfection, which is not used at the Chunthaburi hatchery. 
Figures 6.30a-c show the contributions to the impacts from different life cycle stages 
related to the hatchery activities. The main contributors to the impacts, common to all 
three hatcheries, are related to the use of energy, artemia cysts and transport using pick­
up vans and aircrafts.
Therefore, the environmental performance of hatcheries can be ranked from best to worst 
as: Phuket, Chacheongsao and Chunthaburi hatcheries.
Table 6.8 Comparison of impacts from the hatchery production systems
Impact categories Hatcheries
Phuket Chachengsao Chunthaburi (on-site)
ADP
(kgSbeq.) ' 1.61E-05 5.54E-05 0.000118
GWP
(kg CÛ2 eq.) 0.000637 0.00347 0.00417
ODP
(kgCFC-11 eq.) 8.31E-11 1.05E-10 9.57E-11
HTP
(kg 1,4-DB eq.) 2.74E-05 2.70E-05 4.70E-05
FTP
(kg 1,4-DB eq.) 2.50E-06 2.93E-06 3.38E-06
MTP
(kg 1,4-DB eq.) 0.0135 0.0161 0.0178
TTP
(kg 1,4-DB eq.) 2.63E-07 3.86E-07 5.56E-07
POCP
(kg C2H2 eq.) 1.92E-07 4.61E-07 9.07E-07
AP
(kg SO2 eq.) 2.53E-06 6.81E-06 1.35E-05
EP
(kg PO4  eq.) 1.39E-07 2.20E-08 1.95E-07
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Figure 6.29 Normalised LCIA results for the three hatcheries
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Figure 6.30 Contributions to impacts from different life cycle stages for the three 
hatcheries
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6.3.4 Comparison of different farming systems
Figure 6.31 compares the environmental impacts of the different farming systems 
discussed above. Overall, the Conventional & CoC farm has the highest impacts for all 
impact categories, except for eutrophication which is highest for the Going-to-be-Organic 
farm. The significantly higher impacts from the Conventional & CoC farm result from 
the higher amount of energy, feed and burnt lime used. The lower impacts from the 
Going-to-be-Orgamc farm are mainly due to the complete elimination of the use of 
chemicals, including burnt lime.
The abiotic depletion potential from the Going-to-be-Organic farm is about five times 
lower than from the Conventional & CoC farm. The highest abiotic resource depletion 
from the Conventional & CoC farm is the consequences of using more energy, feed and 
burnt lime. The use of post-larvae from the Chachengsao hatchery in the Biological and 
& CoC and Probiotic farms roughly in twice as high as abiotic depletion, because of the 
impacts associated with transport.
Several systems contribute to global warming, but for different reasons. The global 
warmmg potential from the Conventional & CoC farm is highest, because of the higher 
amount of energy used. It is also high for the Ecological farm for the same reason. 
However, for the Biological & COC farm this impact is high due to the use of rice bran 
and husk in addition to the use of energy. Global warming from the Probiotic and Going- 
to-be-Organic farms is low, as a result of using diesel for aeration systems whilst the 
other farming types use electricity. Similar comparisons are evident for ozone depletion. 
This impact from the Probiotic farm is low because the use of probiotic substances 
reduces the amount of burnt lime and this farm does not use rice husk or rice bran.
The ecotoxicity potential is rather high for the Conventional & CoC, Biological & COC 
and Ecological farms because of the larger amount of burnt lime applied. The Biological 
and CoC farm contrihutes more to photochemical oxidants because of the rice bran and
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rice husk, in addition to the use of electricity. The longer distances travelled by 
refrigerated trucks and pick-up vans results in higher acidification, which is evident in the 
use of post-larvae from non-local sources, i.e. the Phuket hatchery. The high 
concentrations of nitrogen and phosphorus in the wastewater discharged from the Going- 
to-be-Organic farm lead to the highest eutrophication potential. This implies poor pond 
management during the culturing period, especially feeding management. In contrast, 
good management of water and soil pond quality at the Ecological farm results in the 
lowest eutrophication potential.
Table 6.9 summarises the key environmental issues for the different farming types. The 
common issues among the Conventional & CoC, Biological & CoC, and Ecological 
farms are marine toxicity, global warming and abiotic depletion, mainly contributed by 
the use of energy, feed, burnt lime and transport by pick-up van and refrigerated truck. 
Both the Probiotic and Going-to-be-Organic farms have in common the issues related to 
the problem of abiotic depletion, marine toxicity and eutrophication. It should be noted 
that these two farming systems have the lowest impacts on the global scale (global 
warmmg, ozone depletion and photochemical oxidant formation) but are rather more 
problematic at the local level (eutrophication). The use of post-larvae from non-local 
sources results in higher impacts, due to the burdens associated with transport. In 
addition, the use of refrigerated truck is a major contributor to the impacts from the 
Ecological farm, due to the farthest distance in transporting harvested shrimp from the 
farm to the auction market.
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Table 6.9 Summary of the key environmental issues for different farming systems, based 
on the functional unit of 3 kg of shrimp (processing into one block of frozen shrimp)
Farming systems Key environmental issues Major impact contributors
Conventional & CoC farm, using 
post-larvae from the Phuket hatchery
Marine toxicity (1,425 kg 1,4-DB eqTFU) 
Abiotic depletion (0.27 kg Sb eqVFU) 
Global warming (15.63 kg CO2 eq./FU)
Use of electricity 
Use of feed 
Use o f burnt lime 
Use of pick-up van
Conventional & CoC farm, using 
post-larvae from the Chachengsao 
hatchery
Marine toxicity (1,425 kg 1,4-DB eq/FU.) 
Abiotic depletion (0.18 kg Sb eqVFU) 
Global warming (14.88 kg CO2 eq./FU)
Use of electricity 
Use of feed 
Use o f burnt lime 
Use of pick-up van
Biological & CoC farm, using post­
larvae from the Phuket hatchery
Marine toxicity (945 kg 1,4-DB eq./FU) 
Abiotic depletion (0.19 kg Sb eqVFU) 
Global warming (10.53 kg CO2 eqTFU)
Use o f electricity 
Use of feed 
Use of burnt lime 
Use o f pick-up van
Biological & CoC farm, using 
Chachengsao post-larvae
Marine toxicity (978 kg 1,4-DB eq./FU) 
Abiotic depletion (0.10 kg Sb eqVFU) 
Global warming (9.78 kg CO2 eqVFU)
Use o f electricity 
Use of feed 
Use o f burnt lime
Probiotic farm, using post-larvae 
from the Phuket hatchery
Abiotic depletion (0.20 kg Sb eqTFU) 
Marine toxicity (549 kg 1,4-DB eq./FU) 
Eutrophication (0.033 kg PO4 eq./FU)
Use of energy 
Use o f feed 
Use of burnt lime 
Use of pick-up van 
Wastewater
Probiotic farm, using post-larvae 
from the Chachengsao hatchery
Abiotic depletion (0.10 kg Sb eq./FU) 
Marine toxicity (549 kg 1,4-DB eq./FU) 
Eutrophication (0.033 kg PO4 eq./FU)
Use o f diesel 
Use o f feed 
Use o f burnt lime 
Use o f pick-up van 
Wastewater
Ecological farm, using Chunthaburi
post-larvae
(On-site hatchery)
Marine toxicity (1,326 kg 1,4-DB eqVFU) 
Abiotic depletion (0.10 kg Sb eqVFU) 
Global warming (9.81 kg CO2 eqVFU)
Use o f diesel 
Use of feed 
Use of burnt lime 
Use of refrigerated truck
Going-to-be-Organic farm, using 
post-larvae from the Chachengsao 
hatchery
Abiotic depletion (0.06 kg Sb eqVFU) 
Marine toxicity (184 kg 1,4-DB eq./FU) 
Eutrophication (0.035 kg PO4 eq./FU)
Use of diesel 
Use of feed 
Use of post-larvae 
Wastewater
Note: Eutrophication potentials of the Conventional & CoC, Biological & CoC, Ecological farms are 0.032, 0,025, and 0.0038 
kg PO4 eq./FU, respectively.
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Overall, based on the LCA results from the GML 2 Baseline 2000, it can be concluded 
that the Conventional & CoC farming is likely to generate highest impacts whilst Going- 
to-be-Organic farming probably has the lowest environmental impacts. The overall 
environmental performance of different farming systems could be ranked from worst to 
best as:
(1) Conventional & CoC farm;
(2) Biological & CoC farm;
(3) Ecological farm;
(4) Probiotic farm; and
(5) Going-to-be-Organic farm.
Finally, taking into account the findings from the previous section, the Going-to-be- 
Organic farm using post-larvae from the Chacheongsao hatchery is environmentally the 
most sustainable system for the production of the functional unit examined in this study.
167
Chapter 6 Life cycle assessment o f block-frozen shrimp
0.3 1
0.25 -
0.2 -
S' 0.15 -
00
0.1 -
0.05 -
0 -
El Conventional & CoC, Phuket post-larvae 
H Conventional & CoC, Chacheongsao post-larvae 
OD Biological & CoC, Phuket post-larvae 
S  Biological & CoC, Chacheongsao post-larvae
□  Probiotic, Phuket post-larvae
□  Probiotic, Chacheongsao post-larvae 
■  Ecological, Chunthaburi post-larvae
□  Going-to-be-Organic, Chacheongsao post-larvae
ADP
a) Abiotic Depletion Potential
0  Conventional & CoC, Phuket post-larvae 
H Conventional & CoC, Chacheongsao post-larvae 
DE Biological &  CoC, Phuket post-larvae 
B  Bblogical &  CoC, Chacheongsao post-larvae
□  Probiotic, Phuket post-larvae
Q Probiotic, Chacheongsao post-larvae 
■  Ecological, Chunthaburi post-larvae
□  Going-to-be-Organic, Chacheongsao post-larvae
GWP
b) Global Warming Potential
8.E-06
7.E-06 -
6.E-06 -
5.E-06
4.E-06
3.E-06
2.E-06
l.E-06 -
O.E+00
0  Conventional & C oC , Phuket post-larvae 
S  Conventional &  CoC, Chacheongsao post-larvae 
EE Biological & CoC, Phuket post-larvae 
S  Biological &  CoC, Chacheongsao post-larvae 
O Probiotic, Phuket post-larvae 
O Probiotic, Chacheongsao post-larvae 
■  Ecological, Chunthaburi post-larvae 
□  Going-to-be-Organic, Chacheongsao post-larvae
ODP
c) Ozone Depletion Potential
Figure 6.31a-c Comparison of the environmental performances of different farming
types using the CML 2 Baseline 2000 method
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Figure 6.31d-f Comparison of the environmental performances of different farming
types using the CML 2 Baseline 2000 method
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Figure 6.31g-i Comparison of the environmental performances of different farming types
using the CML 2 Baseline 2000 method
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6.4 Sensitivity Analysis
Based on the LCA results presented above, the ‘hot spot’ or the key life cycle in the 
block-frozen shrimp system is the farming stage. All other stages make much smaller 
contributions to the total impacts and would not affect the final results in any significant 
way. Therefore, the focus for the sensitivity analysis is farming.
The hot spots in the farming stage are the use of feed, energy and burnt lime (except for 
the Going-to-be-Organic farm where the main stages are the use of feed, refrigerated 
trucks and hatchery activities). Tracing back these key issues, the significant impact 
contributors from the feed production are energy used by a trawler for capturing by-catch 
(based on the assumption that the by-catch is caught by trawlers) and the energy used for 
processing the fish into fishmeal. It is worth mentioning again that the only interventions 
for the fishmeal production included here, as formerly described in Section 6.2.2.S, arise 
from the energy used for fishmeal processing. Therefore, the use of diesel by the trawler
171
Chapter 6 Life cycle assessment o f block-frozen shrimp
and the use of electricity have a proportionately higher impact on the overall results than 
might be the case if the other interventions from the fishmeal processing were included.
This then raises the question of data quality for diesel and electricity. With respect to the 
figures for diesel consumption, the inventory data are based on the average annual 
performance of a trawler (i.e. one-month trip and average annual trawling production). 
However, the fishing operation is quite flexible, depending on the trawler’s operator so 
that the data can be quite variable. The fishing operation period is also limited to the 
productivity of trawling as well as the benefit gained from the more energy used for the 
trawler movements so as to achieve the higher production. If the trawler is operated, i.e. 
active, for about 15 hours per day (the average figure), roughly 40,500 litres of diesel 
would be consumed per one-month fishing trip.
The sensitivity analysis results for a trawler using 22,500 1 (assumed in this study) and 
40,500 1 of diesel used for one fishing trip are given in Table 6.10. The impacts 
associated the trawling, hatchery and farm stages are calculated and the results are 
subsequently compared. Given that the majority of the interventions are allocated to 
shrimp broodstock (94.63%; see Section 6.2.1 for the allocation basis to shrimp 
broodstock, target fish and by-catch) as well as the minor contribution to impact from the 
use of hatchery-reared post-larvae at the farming stage (less than 5% on average), the 
effect of the amount of diesel used for trawling on the overall LCA results is negligible 
(see the table). A further issue here is that the trawler data are based on the study of a 
Swedish traveler. However, even though the trawler’s engine technology in Thailand 
might be less modem, the data uncertainties have been minimised by using the data for 
the same engine power.
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Table 6.10 Comparison of the sensitivity analysis results for different amounts of diesel 
consumed by trawler (22,5001 and 40,500 1) for one fishing trip
Impact categories Trawling^ Hatchery^ Farm^
22,5001 4,05001 22,5001 4,05001 22,5001 4,05001
ADP
(kg Sb eq.) 0.981 1.77 6.48E-07 5.82E-07 0.000962 0.000958
GWP
(kgCOz eq.) 12.6 22.7 8.34E-06 7.47E-06 0.038 0.0379
ODP
(kgCFC-11 eq.) 0 0 0 0 4.95E-09 4.95E-09
HTP
(kg 1,4-DB eq.) 0.514 0.58 3.42E-07 1.92E-07 0.00163 0.00163
FTP
(kg 1,4-DB eq.) 0.0649 0.0663 4.29E-08 2.19E-08 0.000149 0.000148
MTP
(kg 1,4-DB eq.) 126 132 8.32E-05 4.37E-05 0.802 0.8
TTP
(kg 1,4-DB eq.) 0.00371 0.00546 2.45E-09 1.80E-09 1.57E-05 1.56E-05
POCP
(kgCgHzeq.) 0.00612 0.00929 l.lOE-08 6.54E-09 1.14E-05 1.12E-05
AP
(kg SO2 eq) 0.0955 0.173 6.30E-08 5.66E-08 0.000151 0.00015
EP
(kg PO4 eq.) 9.84E-06 1.77E-05 7.51E-12 6.31E-12 8.27E-06 8.27E-06
Note: The figures are based on one broodstock capture by trawler
 ^The figures are based on 60 post-larvae from the Phuket hatchery (equivalent to 1 kg o f adult shrimp at farm) 
 ^The figures are based on 1 kg o f shrimp from the Conventional & CoC farm
Another key issue at the farming stage is the energy used for aeration systems. As the 
energy consumption is not measured for individual ponds, the energy figures for 
operating the aerators have been obtained by calculating the power of the aerators’ 
motors and the operating times during pond preparation and culturing. Therefore, this is 
the closest approximation to the actual energy used by the aerators. With respect to the 
electricity production in Thailand, the data are based on the electricity grid mix produced 
in 2001 reported by TEI (2003). The environmental profiles of electricity production in 
Thailand calculated from these data are considered by the LCA practitioners in Thailand 
to be good quality and the best data source available.
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Another major contributor to the impacts from the farming stage is the use of burnt lime. 
Because there are no inventory data for the production of burnt lime in Thailand, the 
interventions associated with burnt lime production have been taken from the SimaPro 
databases, which are based on USA data. Although the production process and therefore 
the associated interventions could be different in Thailand, the same data have been used 
for all farming systems, so that at least the overall comparison between them would 
remain the same.
A further issue of concern related to the farming stage is the eutrophication effect caused 
by wastewater discharged from the shrimp ponds. In this study, the wastewater drained 
out of the shrimp ponds before harvesting was collected and sent to the wastewater 
analysis laboratory for analysis of its quality. The data used in this study are based on the 
actual laboratory tests so that they could be considered of high quality.
At some farms (Conventional & COC, Biological & CoC, and Probitoic), the use of pick­
up vans has been identified as another major contributor to the impacts. The emission 
factors associated with the use of pick-up vans have been obtained from reliable sources 
(Angkoonwatthana, 1997; Takahashi and Sirikupanichkul, 2001) so that these data can 
also be considered to be of high quality.
In conclusion, the data requirements for this LCA study have been clearly identified 
before conducting the study. The data used to assess the foreground activities in this 
study are taken from the actual sites considered here and are therefore reliable. The data 
used to assess the background activities are the most representative and best available 
data for Thailand, supplemented by well-documented secondary data sources and from 
the SimaPro database where necessary. The only issue with the background data 
however is that they are mostly European; however, in the absence of Thailand-specific 
data, they are the best currently available.
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6.5 Comparative LCA Results for Different LCIA methods
As mentioned at the beginning of section 6.3, in addition to the CML 2 baseline 2000 
method, the environmental impacts of the block-frozen shrimp life cycle have been 
calculated using two other impact assessment methods: EPS 2000 and Eco-indicator 99. 
These results are shown in Figures 6.29 to 6.32 (note that further detail of impact 
assessment results using these two methods can be found in Appendices D and E). 
Because the impact categories are quite different in these three LCIA methods, it is 
difficult to make direct comparisons between them. Therefore, the discussion here 
centres on the key life cycle stages that contribute significantly to the impacts.
In the CML 2 baseline 2000 method the most significant farming stages are the use of 
energy, feed and burnt lime. There are also the main stages in the EPS 2000 method. In 
the EPS method, the use of feed is linked to the impacts on ecosystem quality: soil 
acidification, fish and meat production. The main impacts caused by energy use are 
depletion of reserves as well as the ecosystem production capacity. The application of 
burnt lime has sigmficant impact on the life expectancy and causes severe nuisance. 
However, the effect of wastewater on eutrophication is not clearly pronounced in the EPS 
2000 method. This is because the damage as a result of changes in the nutrient levels is 
not modelled within this method. It should also be bom in mind that the effects of 
eutrophication are combined with acidification in this method.
The life cycle profile obtained by the Eco-indicator 99 method shows the major 
contributors to impacts are mainly as a consequence of the use of energy, feed and burnt 
lime. The use of feed and energy cause significant impact on ozone depletion; the high 
potential of ozone depletion is also resulted from the use of energy. The use of burnt 
lime is linked to both human health (carcinogen) and ecotoxicity impacts. In addition, 
the use of pick-up vans and refiigerated tmcks is a main contributor to the depletion of 
fossil fuel and also causes human health impacts.
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The results from the Eco-indicator 99 are therefore similar to the results from the CML 2 
Baseline 2000 and EPS 2000 methods. However, using the Egalitarian version of the 
Eco-indicator 99 method gives slightly higher ecotoxicity compared to the Hierarchist 
approach. In contrast to the Egalitarian and Hierarchist models, the Individualist model 
shows a higher impact on human health. This is because of the different value choices: 
human health problems are valued higher by the Individualist whilst the Hierarchist and 
Egalitarian assign a greater importance to ecosystem quality damages.
For all three approaches to the Eco-indicator 99 method, the Conventional and CoC farm 
is dominant in contributing to the respiratory impacts from organics and inorganics, 
depletion of minerals, climate change, ozone depletion, acidification/eutrophication and 
fossil fuel (see further detail of impact assessment results in Appendix E). This is mainly 
a result of the higher amount of energy, feed and burnt lime used for the crop production 
that tends to release potentially toxic heavy metals to environment. The land use is 
highest for the Conventional & CoC farm, mainly contributed from the use of diesel by 
refrigerated trucks and pick-up van which are linked the areas required to be converted 
and occupied by industries to support the diesel production. The mineral depletion is also 
most problematic in this farm due mainly to the linkage of mineral depletion (such as 
bauxite, iron and copper) associated with the energy required to extract the minerals in 
the future. The Going-to-be-Organic farm has lowest impacts on health, climate change, 
ozone depletion and acidification/eutrophication as no chemicals are used. For the 
Ecological farm, the high amount of burnt lime applied together with the longer distance 
for transport harvested to the auction market by refrigerated trucks contributes 
sigmficantly to radiation as it has been linked to their contribution to radioactive 
substances emitted to air and water.
Comparing the results of the three different LCIA methods shows that farming is the key 
life cycle stage in all three methods. The main contributors to significant impacts are the 
use of energy, feed and burnt lime. There is also agreement among the three methods
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with respect to the ranking of the farming types: the Conventional & CoC farm is likely 
to the worst and the Going-to-be-Orgamc is the best farm in terms of the environmental 
performance. However, the ranking of the other three farming systems by the EPS and 
Eco-indicator methods is slightly different from that observed by the CML 2 Baseline 
2000: here the Ecological farm is ranked second, the Biological & CoC third and the 
Probiotic , fourth. This is mainly due to the nutrients in the wastewater not being taken 
into account and the endpoint impacts associated with transport are emphasised by these 
two methods.
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Morbidity
c) Morbidity
Figure 6.32a-c Comparison of the environmental performances of different farming 
types, using the EPS 2000 methods
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Crop Growth Capacity
f) Crop growth capacity
Figure 6.32d-f Comparison of the environmental performances of different farming 
types, using the EPS 2000 method
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h) fish and meat production
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Figure 6.32g-i Comparison of the environmental performances of different farming 
types, using the EPS 2000 method
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Specbs extinction
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Figure 6.32j&k Comparison of the environmental performances of different farming 
types, using the EPS 2000 method
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Figure 6.33a-c Comparison of the environmental performances of different fa r m in g
types, using the Eco-indicator 99, H method
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Ozone layer
f) Ozone layer
Figure 6.33d-f Comparison of the environmental performances of different fanning
types, using the Eco-indicator 99, H method
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Land use
i) Land use
Figure 6.33h&i Comparison of the environmental performances of different fanning 
types, using the Eco-indicator 99, H method
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Figure 6.33j& k Comparison of the environmental performances of different farming 
types, using the Eco-indicator 99, H method
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Figure 6.34a-c Comparison of the environmental performances of different farming
types, using the Eco-indicator 99, B method
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Figure 6.34d-f Comparison of the environmental performances of different farming
types, using the Eco-indicator 99, E method
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6 . 6  Concluding Remarks
EGA has provided the details of the environmental impacts associated with the life cycle 
production of block-frozen shnmp by aquaculture. Potential environmental impacts 
along the production chain have been quantitatively assessed using both the midpoint 
(CML 2 Baseline 2000 method) and endpoint approaches (EPS 2000 and Eco-indicator 
99 methods). The LCA results have identified a wide range of natural resource usage and 
various pollutants emitted to the environment. This has given an idea how large is the 
environmental footprint of the block-frozen shnmp. The estimated potential impacts are 
also useful for comparison of different farming types, enabling identification of the 
environmentally most sustainable farming types. The information obtained by LCA 
results can be used to support a more sustainable shrimp production and consumption. 
This is explored and discussed in the next chapter.
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Application of LCA to Support 
Sustainable Development of the 
Thai Shrimp Aquaculture Industry
A sustainable policy framework should be based on integrated analysis o f  aquatic 
resources, aquaculture practices and the supporting industries, to inform actions by 
institutions and enable participation o f all stakeholders.
This chapter demonstrates how life cycle thinking and the LCA results described in the 
previous chapter can be used to support sustainable development of the shrimp 
aquaculture industry in Thailand. Factors shaping the development of the industry are 
introduced first, followed by recommendations on management strategies to bring about 
environmental improvements in aquaculture practices and establishment of a sustainable 
development policy. The LCA results have also been applied to evaluation of 
certification systems and to provide a basis for ecolabelling of shrim p aquaculture 
products, including provision of purchasing guidance to environmentally-conscious 
consumers.
7.1 Factors Affecting Development of the Thai Shrimp Industry
First of all, it is essential to have a clear picture of the factors shaping the sector in order 
to understand the development of the shrimp aquaculture industry in Thailand. Of critical 
importance, and the most sensitive factor affecting the further development of the shrim p 
aquaculture business, is international trade in the product. Until recently, Thailand has
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been facing several problems in exporting farmed shrimp products as a result of 
import control measures in the major export markets. The export problems of Thai 
shrimp products are summarised in Table 7.1. Examples of such problems include the 
rejection of shrimp products because of antibiotic contamination and the requirement 
of environmental and sanitary certification. On top of that, Thailand has lost its 
preferential position in the EU with respect to tariffs and import duties. Recently, 
increasing market competition due to an oversupply of shrimp products has resulted in 
accusations of dumping. As a result, a dumping duty is charged on shrimp products 
imported at a price which is below the price charged in the domestic market. The 
dumping problem is now under discussion particularly in the USA and it applies to 
several countries, including Thailand. Most recently, a concern over the shortage of 
fishmeal has also emerged due to the dependence of shrimp aquaculture on marine 
capture fisheries to provide the feed.
Table 7.1 Summary of the export problems of Thai shrimp products
Year Export problems
1990 A dramatic drop in shrimp price
1993 An outbreak o f  shrimp disease
1995 An antibiotic residue detected in Thai shrimp exported to Japan
1997 A shrimp-turtle catch problem raised by the USA
1999 EU lifted the Generalized System o f  Preferences (GSP) given to Thailand resulting in shrimp 
export to EU steadily declined
2001 An antibiotic residue problem (chloramphenicol and nitrofuran groups) residues detected in 
Thai shrimp exported to EU countries
2002 Requirement o f environmental certification as well as sanitary management o f shrimp 
processing
2003 Anti-dumping problem in the USA
2004 Concern over the aquaculture resources especially to fishmeal
Considering all factors surrounding the shrimp farming business, it is likely that 
shrimp production methods with improved quality, food safety, and environmental 
and social sustainability will be required. Most importantly, provision of validated 
information regarding how shrimp is farmed and delivered to consumers will be
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necessary to dispel the negative image of farmed shrimp products which threaten to 
impact on the development of the business. In an attempt to cater for the latter, 
environmental certification schemes have been developed and introduced for the 
shrimp aquaculture products. Furthermore, product environmental declaration 
through ecolabelling programmes is also likely to be a future marketing tool. 
Therefore, transformation of the Thai shnmp industry into a more sustainable sector 
must be supported at three levels:
-  at the local level, it is most critical to improve environmental and social 
performance of the aquaculture practices, together with sanitary management and 
food safety control;
-  at the national level, it is essential that policies and supporting regulations covering 
shrimp production chains be established to promote sustainable development of the 
industry;
-  at the international level, it is crucial to anticipate the market measures that are 
likely to be required by importers and consumers, particularly with respect to 
certification of shnmp farming, ecolabelling of shrimp aquaculture products and 
provision of purchasing guidelines to consumers.
The following sections demonstrate how LCA could be used to support these 
developments, using the results discussed in the previous chapter.
7.2 Improvement Options at the Local Level: Shrimp Aquaculture 
Practices
As demonstrated in Chapter 6, the most sigmficant environmental impacts are 
generated in the farming stage. The following sections outline some of the possible 
options for reducing the environmental footprint of shrimp farming.
7.2.1 Using materials from sustainable sources
The LCA results have shown that the environmental interventions from shrimp 
farming come not only from the farming process itself but also from the extraction,
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processing and transport of input materials. Therefore, the use of materials from more 
sustainable sources is the first step in improving the environmental performance of 
shrimp farming. The key resources used in shrimp aquaculture are highlighted below.
Sources o f  water supply: It is essential for shrimp hatcheries and farms to access a 
source of water which is not exposed to pollution, either from other shrimp farms or 
from other pollution sources such as agricultural or industrial activities.
Broodstock domestication technology‘s^ '. Broodstock is the most essential input to the 
shrimp production cycle. Although the number of broodstock required for producing 
shrimp is very small, trawling for wild broodstock can potentially cause significant 
environmental impacts to marine ecosystems such as habitat destruction, trophic shift, 
depletion of marine shrimp stocks and biodiversity loss. To avoid such potential 
problems, domesticated broodstock production should be developed and introduced to 
the sector to reduce the pressure on marine ecosystems. However, it should be noted 
that this does not imply the introduction of genetic engineering technology. Even 
though there has been an attempt to introduce genetic modification into the sector, the 
possible consequences are not yet clear, and acceptance of the product by consumers 
is by no means certain. Thus, at this stage, breeding of broodstock should be done 
naturally.
Use o f artemia cysts from more local sources or phytoplankton: The harvesting and 
transporting of artemia cysts consumes a considerable amount of energy (see Figure
6.6 in Chapter 6). Coupled with the overexploitation of cysts in the Great Salt Lake 
reported by Davenport et al. (2003) and mentioned in section 4.2.1.5 of Chapter 4, the 
use of artemia cysts especially from non-local sources is therefore not sustainable. 
The use of artemia cysts from more local sources (for example, from China) can 
reduce the impacts associated with transport^ Less energy-intensive production of
Domestication refers to the process which results in genetic adaptation o f wild animals to the extent 
that the animal breeds readily in captivity and its owner has some control over its reproduction; 
http://www.fao.org/documents/show_cdr.asp?url_file=/docrepAV7540E/w7540e0e.htm.
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feed, such as the use of phytoplankton that can be produced on-site and the stock from 
the Provincial Fisheries Stations, is more sustainable than the use of artemia cysts 
from the USA.
Local sources o f  post-larvae: Due to larger transport distances, the rate of abiotic 
depletion is doubled if post-larvae from the Phuket hatchery are used rather than from 
a more local source (see Table 6.4). The same effect is noticed for the global 
warming potential. The use of post-larvae produced at local hatcheries is more 
sustainable not only because it reduces transport impacts, but also because it prevents 
a possible spread of diseases. However, the burdens associated with hatchery 
production systems are another issue to be taken into account, particularly the types of 
feed used for nursing post-larvae. Again, the use of energy and exported artemia 
cysts play a very important role in contributing to the overall impacts of hatcheries in 
addition to the transport impacts.
Use o f  limestone: Both limestone and burnt lime are used at shrimp farms for 
adjusting the pH of pond water and soil to an optimum level. However, burnt lime 
has a much higher toxicity (see Section 6.2.1.8 in Chapter 6) so that the use of 
limestone is preferred and the use of burnt lime should be minimised.
Feed ingredients: To improve sustainability of shrimp production, feed ingredients 
should come from sustainable sources. As discussed in Section 6.2.1.8 in Chapter 6, 
fishmeal is the major contributor to environmental impacts. Thus, substitution of 
fishmeal and fish oil should be considered, as use of marine-caught fish to provide 
fishmeal and fish oil could lead to the collapse of marine fish stocks. This would also 
reduce the amount of energy used for harvesting marine fish, as well as for their 
further processing into fishmeal and shrimp feed, as identified from the LCA results 
described in Table 6.8 in Chapter 6. As pointed out previously by Papatryphon et al. 
(2002), local sources of feed ingredients are also recommended, due to the relatively 
high transport impacts associated with the feed ingredients.
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7.2.2 Maintaining the pond’s quality
To sustain shrimp farming, it is essential to extend the period over which adequate 
water quality is maintained in the pond by minimising environmental damage to it. In 
other words, the inputs into the pond should be optimised so as not to exceed the 
pond’s carrying capacity, and the pond must rest sufficiently long to allow complete 
waste decomposition before starting the new crop. As indicated by the LCA results, 
farming techniques and pond management strategies directly influence the pond’s 
environmental quality. The key issues to be considered in pond management 
practices are:
Stocking density: Good quality post-larvae are critical for successful crop production. 
Equally important is that the stocking density in the pond does not exceed the capacity 
of the pond to promote shrimp growth. Insufficient natural food in the pond could 
stimulate shnmp to kill each other for food, leading to the need for a second stocking 
to maintain productivity. The ecological implication of the second stocking is higher 
demand for post-larvae and wild broodstock. Moreover, too high a stocking density 
can cause overcrowding and insufficient habitats for shrimp, resulting in their reduced 
growth during the culturing period. It should be noted here that the optimal range of 
stocking density specific to a particular farm cannot be determined fi-om the LCA 
study, because it depends on the water, soil and weather conditions at individual 
geographical location. However, the optimal stocking rate recommended in the 
IFOAM (International Federation of Organic Agriculture Movement) standard is 35 
post-larvae/m^ (equal to 350,000 post-larvae/ha).
Feeding management: The organic loading in the wastewater from shrimp ponds has 
been linked to poor pond management, especially to feeding. Feeding has also been 
identified as the key stage affecting the crop production. Therefore, better feeding 
management could lead to increased production yields and minimisation of 
environmental problems. The amount of feed left in feeding trays is typically used as 
the indicator for determining the amount of feed to be provided in the next meal.
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However, other factors influencing the feed consumption, such as weather or shrimp 
health, must be taken into consideration when adjusting the amount of feed supplied.
Aeration systems: Aerators with good energy efficiency should be used, and over­
supply of oxygen should be avoided. However, the oxygen supplied should be 
sufficient to ensure good distribution throughout the pond as well as to facilitate the 
aggregation of sludge in the centre of the pond. According to the energy efficiency of 
aeration provided by Azapagic et al. (2004), a paddle (wheel) aerator requires 
between 1.5 and 16.7 MJ of energy per kg of dissolved oxygen. When compared to 
diffusion aerators, fine-bubble and coarse-bubble diffusers require between 1 and 4.2 
MJ and 3 and 4 MJ of energy, respectively, to deliver 1 kg of dissolved oxygen. The 
oxygen utilisation efficiency of fine-bubble jet aeration (for example, the Vitox™ 
process developed by BOC) is as high as 95% and only consumes 0.9 to 1.45 MJ of 
energy per kg of oxygen. Therefore, diffusion aeration equipment is recommended 
for use in shrimp ponds. Equally important is matching the level of aeration with the 
actual oxygen demand to optimise the supply of oxygen and conserve the energy.
Wastewater treatment: Eutrophication, as a result of wastewater discharge from 
shrimp ponds, has been identified by LCA as one of the most serious environmental 
problems, both in this study (particularly for the Going-to-be-Organic, Probiotic and 
Conventional & CoC farms) as well as by Srituhla (2001). To prevent the 
eutrophication problem, tertiary treatment of wastewater from shrimp ponds is 
recommended. In addition to on-farm management strategies, the total number of 
shrimp farms in a particular area should also be kept below a critical level, as high 
density of farms in any one area can exceed the carrying capacity of natural waters.
Even though farming is the key stage in the shrimp production cycle, the other issues 
captured by LCA should not be overlooked to ensure that the environmental 
performance of the whole supply chain is improved. These additional issues are listed 
below.
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Shrimp quality control after harvest: Shrimp quality control after harvest is another 
important stage determining the quality of the final product. For example, clean water 
for chilling the shrimp must be used. For improved environmental performance and 
product quality, no chemicals should be used.
Transport o f  shrimp from farm to processing plant: To maximise the quality of 
shnmp product delivered to market and minimise the impacts associated with 
transport, transport distances should be minimised. The benefits of this measure have 
already been discussed above.
Processing method: The use of water and electricity are the key issues associated with 
the processing stage. The method used in processing and the equipment layout should 
facilitate an efficient use of water along the processing line. Storage time of the 
product should be as short as possible, to conserve energy. Packaging materials used 
should come from a sustainable source; e.g. carton boxes should be produced from 
recycled paper or from sustainably managed forests. Sanitary management and 
housekeeping are the key issues for processors in terms of food safety.
Transport from wholesalers to retailers: The use of refrigerated trucks is essential, but 
long distance transport from wholesalers to retailers should be avoided. By varying 
the distances from warehouses to wholesalers and from wholesalers to retailers, the 
LCA results have shown that the most significant impacts (i.e. abiotic depletion and 
global warming) are doubled when the distance is increased from 100 km to 1,500 
km. Therefore, the logistics should be optimised so as to reduce the impacts from 
transport to retailers.
Therefore, a number of improvement options could be implemented at the local level 
to minimise the environmental impacts from shrimp farming. However, to improve 
the environmental performance of the whole shrimp farming industry, it is also 
essential that national policy for shrimp aquaculture management is informed using 
the life cycle perspective. The following section outlines how this could be done on 
the practical level.
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7.3 National Strategic Policies for Shrimp Aquaculture Management
There has been an attempt to promote sustainability in the shrimp industry through 
policy statements from various governmental organisations in Thailand. The 
Department of Fisheries, as the main institution in aquaculture development and 
management, has stated that the national policy is to undertake aquaculture activities 
with minimal environmental impacts (Piumsombun, 2002). As described in Section 
4.5, this policy is implemented for example by the Department of Fisheries through 
the Code of Conduct (CoC). Traceability is established by implementing the 
“regulation of movement” document, which requires hatcheries and farms to provide 
data on production sources so that they can be traced back along the production chain. 
Development of a more sustainable culturing system is also highlighted as a national 
priority. However, the effectiveness of policy formulation and implementation, 
including progress towards sustainable development of the shrimp industry, has not 
been assessed fully yet.
The key constraints limiting the effectiveness of sustainability policies for shrimp 
farming identified from the analysis of existing policies, are:
(i) the lack of proactive policies to respond to and prevent problems rather than to 
control the existing situation retroactively;
(ii) the lack of objective information along the supply chain to support the formulation 
of sustainability policies on an integrated basis;
(iii) the lack of explicit policy on the environmental performance of shrimp products;
(iv) the lack of clarity on the roles and responsibilities of different institutions at local, 
national and international levels, leading to ineffective policy formulation;
(v) the lack of supporting laws and regulations leading to ineffective policy 
implementation;
(vi) the lack of pond-side management advice so that farming techniques and pond 
management are often based on farmers’ empirical observations, farmer-to-farmer 
communication, and advertisement of commercial products which can misrepresent 
the technical information; and
(vii) the lack of communication and co-ordination among various stakeholders.
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The development of a coherent and comprehensive policy framework, aimed at the 
sustainable development of the shrimp industry in Thailand, should therefore cover:
I
7.3.1 Shared vision among shrimp stakeholders
The competitiveness of shrimp aquaculture products in the global market is of critical 
importance for Thailand, as a prerequisite for economic sustainability of the country. 
To maintain the country’s Status as the world leading shrimp aquaculture producer, it 
is important to have a long-term vision shared by all stakeholders together with 
support from governmental organisations in establishing more effective policies. The 
demands from importing countries, the status of competitive producers and the 
marketing strategies including public promotion to dispel the negative image of Thai 
shrimp products should receive serious attention in the development of policy 
(Jamnamwej, 2003).
7.3.2 An integrated approach to policy formulation
A sustainability policy for the sector should integrate the environmental and socio­
economic aspects associated with the industry as a whole. Economic priorities and 
social benefits coupled with environmental considerations must be analysed from the 
life cycle perspective. However, the existing policies have been designed to address 
sustainability issues for specific life cycle stages, with no objective analysis or 
information to support policy development on a life cycle basis. To assist policy 
makers in the establishment of an improved policy framework to promote 
sustainability, the key findings from the LCA study have therefore been used to 
recommend a set of sustainability policy guidelines. The issues that should be 
incorporated in setting an integrated policy for the shrimp aquaculture industry are 
outlined below.
Sustainable management o f  aquaculture resources: The framework for sustainability 
policy should include sustainable management of aquaculture resources to support the 
shrimp aquaculture industry in the long term. Key issues associated with the main 
aquaculture resources are:
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- The current state of the wild shrimp broodstock should be taken into consideration, 
as it is the most essential resource for hatcheries as well as the whole shrimp 
production system. The demand for wild broodstock by hatcheries to produce 
post-larvae to support shrimp farms must be taken into account when setting 
targets for trade volume and production levels. This could help to prevent the 
over-supply of post-larvae and to use the broodstock more effectively;
- The availability of suitable land for shrimp farming is limited by the coastal line of 
the country which is shorter than in other countries; thus the m ost effective way of 
using coastal areas for shrimp farming needs attention;
The availability of water supply and the carrying capacity of natural receiving 
water should be assessed to evaluate the impact of the increasing number of farms 
in a particular coastal area; and
- Demand and supply of fishmeal and fish oil to support further growth of the 
shrimp industry must be analysed and balanced.
Sustainable farming systems: Based on the comparative LCA study of different 
farming systems, summarised in Section 6.5 in Chapter 6, the Conventional & CoC 
farming systems are likely to generate the highest impacts whilst Going-to-be Organic 
and Probiotic farming systems probably have the lowest environmental impacts. 
However, while Going-to-be Organic and Probiotic farm types have the lowest 
impacts at the global scale, these are more problematic at the local level due to 
eutrophication. In contrast, the Ecological farming system is least problematic in with 
respect to eutrophication, but its contribution to global warming and ecotoxicity is 
large mainly due to the high amount of energy (used for aeration systems) and burnt 
lime used. The Biological & CoC farming system also has a high contribution to 
global warming because of the impacts associated with the use of rice bran and rice 
husk. However, the key issues common to all farming systems are related to the use 
of energy, feed and burnt lime. Thus, reduction of these three inputs into the system 
should be considered as a minimum requirement for environmental improvement of 
shrimp farming.
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As noted in Chapter 6, if  equal importance is attached to all impact categories, the 
environmental performance of the farming systems can be ranked from best to worst 
as follows:
• Going-to-be Organic farming;
• Probiotic farming;
• Ecological farming;
• Biological & CoC farming; and
• Conventional & CoC farming.
Therefore, based on their environmental performance alone. Going-to-be Organic and 
Probiotic farming systems should be encouraged by the national shrimp farming 
policy. However it should be borne in mind that the choice of farming types is also 
dependent on the economic investment and social aspects considered by individual 
farmers. On top of that, the selection of a farming technique and management 
strategies is restricted to some degree by farm location.
Support from associated industries: Support from the associated industries, including 
cold storage, feed producers, aerator manufacturers and logistic companies, is 
important for improving sustainability of the shrimp farming industry. The national 
policy should encourage and ensure their continual support of the sector.
Marketing strategies: Direct sale to overseas retailers and coordination among the 
trade associations to build up more bargaining power should be promoted, to improve 
marketing mechanisms and distribution routes. De Silva (2003) notes that the lack of 
a proper marketing strategy may act as a major deterrent for the development 
particularly of small-scale aquaculture so that market-oriented production based on 
co-operation between small producers must be established.
7.3.3 Development of policy for environmental performance of products
Acceptance by consumers is the key factor for long-term sustainability of the shrimp 
industry. Campaigns and protests against Thai shrimp products, due to a poor 
environmental and social image, can significantly influence the consumer’s
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purchasing choice and limit further growth of the industry. Coupled with the 
requirements by consumers for declaration on production methods, it is essential that 
consumers are informed on the environmental performance of shrimp products. The 
information obtained by LCA carried out in this work could be used for these 
purposes to help differentiate the Thai shrimp product from the competitors’.
7.3.4 Defining the roles and responsibilities of organisations
As stated in Chapter 4, the lack of cooperative interests and coordination among 
institutions has led to ineffective national policies for the shrimp industry. To 
improve the effectiveness of policy development and implementation, there is a need 
to clarify the roles and the authority of different governmental organisations involved 
in the shrimp industry, particularly where they have joint responsibilities. For 
instance, the Department of Fisheries should be the main organisation in setting 
policies in all aspects related to shrimp farming. Implementation should be made the 
responsibility of the Provincial Fishery Authority, District Fishery Authority and 
Tamboon Administrative Organisations as they have a better understanding of local 
conditions. Moreover, the Department of Fisheries should coordinate other 
organisations in supporting the development of the industry, particularly in the trade 
negotiations which are very important for fiirther development and growth of the 
industry.
7.3.5 Development and enforcement of supporting laws and regulations
Laws and regulations must be established to support a sustainable development policy 
for the industry. Equally important is legal enforcement, to improve the effectiveness 
of policy implementation. Legislation should cover the whole supply chain, both on- 
farm and off-farm impacts (i.e. both upstream and downstream activities). The LCA 
results from this work could be used to support these developments.
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7.3.6 Education and knowledge management
The nature of shrimp farming activities is very dynamic because of variable 
ecological conditions in ponds as well as fluctuating weather conditions. Inadequate 
knowledge can lead to unsustainable farming practices and degrade environmental 
quality. Thus dedicated, skilled and experienced farmers are essential for a more 
sustainable industry. Education and knowledge management can be encouraged by 
sharing experiences through seminars, workshops or shrimp publications (such as 
newsletters and aquaculture magazines). Governmental officers, especially from the 
Provincial and District Fishery Authority should visit shrimp farms to disseminate 
information as well as to give advice on shrimp farming management. Moreover, 
funding should be provided for research associated with sustainable development of 
the shrimp farming industry.
7.3.7 Participation of shrimp stakeholders in policy formulation
The participation of stakeholders throu^out the shrimp industry is necessary to 
improve the effectiveness of policy formulation and its subsequent implementation. 
Cooperation between private companies and governmental organisations is 
particularly important in Thailand, as private companies are more advanced in terms 
of research and development and have a more established negotiating position in the 
markets. Industrial knowledge will be essential to support strategic p lann ing  and 
policy development. Probiotic technology developed by a private company in 
Thailand (see Section 6.2.3 in Chapter 6) is an example of farming technology 
development; part of the reason that many farms in the country have adopted the 
probiotic farming technique lies in a financial credit offered by the company, in 
addition to the success reported by other farms using this technology.
In conclusion, the development of a sustainable policy at the national level should be 
approached by using the life cycle perspective to cover the whole shrimp supply 
chain. Integrated management of aquatic resources, farming practices and associated 
industries along the whole supply chain must be central to any sustainable
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development framework. Equally important is coordination among the different 
organisations involved as well as stakeholder participation in policy formulation. 
Legislation and regulations to support the policy implementation are also essential.
Furthermore, beyond the local and national levels, it is now becoming more evident 
that importing countries and consumers require producers to declare the 
environmental performance of their production systems. Environmental declaration 
concerning the concerns of importers and consumers has become a marketing factor. 
Such marketing tools include environmental certification schemes for shrimp farming 
as well as ecolabelling of shrimp aquaculture products. The use of these tools in the 
shrimp industry is discussed in the next sections.
7.4. International Level: Environmental Certification and
Ecolabelling of Shrimp Products
7.4.1 Environmental certification schemes
Certification systems have been introduced and developed for shrimp farming by 
various organisations in many countries. In Thailand, one such scheme has been 
developed by the Department of Fisheries. As previously described in Chapter 4, the 
Thai Code of Conduct for Marine Aquaculture (CoC) is being implemented in the 
country to promote more sustainable aquaculture practices. However, the principles 
and operational guidelines of the CoC have not been properly assessed. In this study, 
the information obtained from the LCA results has been applied to evaluate the CoC’s 
principles and practical guidelines.
7.4.1.1 Scope of the code
In general, all codes present the standards to be achieved by environmental 
management systems in shrimp farming based on the FAO code"^ ,^ but in the form 
specifically adjusted to local conditions in a particular country. The common feature
The FAO s Code o f Conduct for Responsible Fisheries, aiming to support sustainable development 
in fisheries as well as aquaculture (see also Section 4.5.1)
208
Chapter 7 Application o f  LCA to support sustainable development in the Thai shrimp industry
among the codes is that their principles are rather broad, with insufficiently specific 
operational guidelines on the application of such principles. Moreover, all codes 
focus only on direct environmental impacts and do not consider potential 
environmental impacts along the supply chain and at the global scale. Applying life 
cycle thinking and the findings of LCA from this project could help overcome this 
problem by broadening the scope of the code and identifying the most important 
criteria for environmental certification. This is discussed in the next section.
7.4.1.2 Identification of relevant certification criteria
The CoC certification criteria and those identified by LCA as the most pertinent 
environmental impacts differ in several respects, as described below. Further detail on 
the differences can be found in Table 7.1.
Pond management: The CoC operation guidelines focus on the requirement for farm 
layout and the pond preparation procedure, with the emphasis on a regular water 
quality measurement and preparation of water supply for water exchange during the 
culturing period. The use of energy and burnt lime, identified as the most significant 
environmental issues by the LCA study, are rather ill-defined in the CoC. The code 
only recommends to position aerators effectively to minimise pond-wall erosion and 
aggregate sediments in the centre of the pond, without mentioning the effective use of 
energy through energy efficient aerators and optimised supply of oxygen. In addition, 
it is stated that the liming materials should be used in a responsible manner; however, 
there is no mention of the higher toxicity of burnt lime compared to limestone. 
Therefore, the further criteria identified through LCA that could be included in the 
CoC are: the use of inputs fi*om sustainable sources and optimised use of the aerators 
and supply of oxygen. These criteria would enable comparison of different pond 
management strategies based not only on their productivity and profits but also on 
their environmental impacts.
Stocking density: The CoC guidelines emphasise the quality of shrimp post-larvae and 
the stocking rate not more than 500,000 post-larvae/ha. However, the code does not
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Specify the source of the post-larvae. Based on the LCA results, it is clear that using 
post-larvae from local hatcheries is more sustainable because of the lower impacts 
from transport.
Feed and feed management: As stated in the CoC guidelines, feed manufacturers have 
to be registered with the Department of Fisheries and it has been suggested that 
farmers should use only feeds approved by the Department. However, the inspection 
of feed quality only aims to analyse the nutritional value of feeds and to check if  they 
are contaminated by antibiotics. With respect to the feed ingredients, no details are 
specified regarding the use of fishmeal for producing shrimp feed. In this study, the 
LCA results have shown that the energy consumption for harvesting marine-cau^t 
fish to supply fishmeal to the factory as well as the energy used for processing shrimp 
feed is large. If the potential impacts on marine ecosystems associated with the use of 
captured fish are taken into account, in addition to the energy consumption for 
harvesting trash fish and processing into fishmeal, the environmental impacts of using 
fishmeal for producing shrimp feed have been demonstrated to be very large. Thus, 
the recommendations resulting from the LCA study are to minimise the proportion of 
fishmeal in the feed and to optimise feed supply to encourage shrimp to digest waste 
in ponds. LCA is also useful for comparing the environmental performance of 
different shrimp feed types (see also Section 5.5.3 in Chapter 5).
Shrimp health management: Shrimp health management is emphasised in the CoC. 
Maintaining optimal environmental quality in ponds is recommended to prevent stress 
conditions that can trigger disease outbreaks. Disease treatment should not be applied 
unless a specific disease has been diagnosed. On the other hand, the issue of disease 
treatment is not included in LCA. However, the pond management strategy 
recommended based on the LCA results is to optimise input factors not to exceed the 
carrying capacity of the ponds, which is consistent with the CoC.
Use o f therapeutic agents and other chemicals: The CoC guidelines emphasise the 
need for proper use, storage and disposal of chemicals. Only drugs approved by the 
Department of Fisheries can be used for disease treatment, and administration of
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medication must strictly follow the directions recommended on the labels or hy the 
Department, to ensure the absence of residues in final shrimp products. The issues 
concerning disease treatment are not covered by the LCA criteria; however, the 
assessment of chemical ecotoxicity is included. It should be mentioned here that this 
LCA study was conducted after the ban of prohibited veterinary drugs. Probiotics and 
biological extracts can he used as they present no hazard to food safety (Boyd, 2002).
Effluent and sludge management: The wastewater discharged from shrimp ponds 
should be treated prior to its release into the common natural receiving canals. This 
issue is compatible in both CoC and LCA. However, LCA offers the assessment of 
eutrophication potential as a result of high nutrient levels in wastewater discharged 
from the shrimp pond. The LCA results also indicate that under-feeding, proved to be 
successful in the Ecological farming system in reducing the nutrient levels in the 
wastewater, should be implemented. Moreover, the eutrophication potential from the 
shnmp ponds assessed by LCA can be useful in setting targets for environmental 
improvement.
Data recording: The data recording system is a requirement in the CoC guidelines. 
However, the data collected are stocking rate, amount of liming materials applied, 
quantity of water exchange and the amount of feed used. The collected data are 
mainly related to the farming method, and do not include the sources of materials and 
the amount of energy used for crop production. LCÀ, on the other hand, is by 
definition, a data recording exercise enabling tracking of all inputs and outputs along 
the whole supply chains. It therefore provides a much more comprehensive data 
recording system than the CoC.
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7.4.1.3 Comparison with other codes
As stated earlier, certification systems have been developed by various organisations 
in different countries. Thus the discussion would not be complete without 
comparison with some of the other codes. In general, all codes follow the principal 
framework of responsible aquaculture recommended by FAO but have developed the 
criteria specifically for local conditions. They are also in various stages of 
development. Some codes are discussed here.
Global Aquaculture Alliance (GAA) Code, the USA: GAA has developed the ‘Codes 
of Practice for Responsible Aquaculture Programme’, covering a wide range of issues 
associated with shrimp farming (GAA, 2004). This Code clearly states that it aims to 
provide a broad guidance for the further development of the code in any particular 
country (i.e. site-specific environmental management systems), owing to the fact that 
farming techniques and environmental conditions are highly diverse. The Thai CoC 
used the GAA Code as a reference and adapted the best management principles 
recommended in the GAA Code to the Thai farming techniques and environmental 
conditions. However, the management practices of the GAA Code are described in 
general terms and no specific operational methods are provided. Neither the GAA 
Code nor the Thai CoC identifies measurable performance indicators.
Australian Code: The main purpose of the ‘Environmental Code of Practice for 
Australian Prawn Farmers’ is to help shrimp producers comply with regulations (Boy 
et al., 2001). The Code provides recommendations on management practices for 
ecologically sustainable shrimp production to replace end-of-pipe environmental 
regulation. However, there is no clear explanation in the Australian Code concerning 
implementation of the management practices. It has only been suggested that the 
practicality of best management practices should be based on the current state of 
technology, investment opportunities, anticipated outcome, the adverse effect of 
farming operations and sensitivity of the receiving environment.
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Whilst the Australian code aims to help farmers to comply with the regulations (FAO, 
2000), the driving force for the Thai CoC mainly comes from the pressures from 
exporters. The Australian code highlights the appropriate management practice to 
minimise the use of raw materials and energy and to design production systems based 
on environmental consideration; these issues have not been expressed in the Thai code 
as strongly as in the Australian code. In addition, the associated laws and regulations 
in Thailand are not as well established as in Australia, and the regulations supporting 
implementation of the Code are still issues of concern in Thailand. Another 
significant difference between the two codes is that the Australian does not include 
social considerations while the Thai code emphasises social responsibility, 
particularly to local communities.
Alter Trade Japan (ATJ): ATJ is a non-profit company engaged in trading people’s 
commodities directly between producers aboard and consumers within Japan; it is, in 
effect, the Japanese embodiment of the “Fair Trade” movement. With a specific 
reference to farmed shrimp products, ATJ looks for “eco-shrimp” with the specific 
criteria that the shnmp must be produced using extensive fanning systems and 
application of chemicals must be eradicated (ATJ, 2003). Obviously, the criteria of 
the least inputs with least impacts have been applied here, consistent with tlie LCA 
results obtained in this research. Social responsibility is also highlighted through the 
support of small-scale farming. However, the self-declaration of shrimp products that 
are produced in a sustainable manner still lacks transparency.
Shrimp Seal o f Quality (SSOQ) Codes o f  Conduct, Bangladesh: The ‘SSOQ Codes of 
Conduct’ is a voluntary process of certification defining minimal requirements for 
food safety, quality assurance, traceability, environmental sustainability, labour 
practices and social responsibility standards for shrimp farming in Bangladesh. A 
wide range of environmental issues has been included in the draft SSOQ standard 
(The Seal of Quality Organization, 2004)"^ .^
View the Code o f Conduct at http://www.atdpsoq.biz/co_con.htm
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Similar to the other codes discussed here, this standard provides general 
recommendations without giving any details of operational methods or measurable 
performance indicators. Interestingly, unlike the others, this standard urges that 
inputs used in the shrimp production systems along the supply chain should be 
declared. Moreover, great attention has been paid to the ethical aspects of shrimp 
farming, including communities’ values, workers’ welfare, child labour and local 
livelihood. These issues are not included in the other standards or in LCA.
Environmental Justice Foundation (EJF), the UK: EJF has developed the ‘Protocol 
for Sustainable Shrimp Production’, aiming to provide a framework for national and 
international efforts to ensure sustainable shrimp production (EJF, 2003). The EJF’s 
protocol principles cover a wide range of issues at all stages of the production chain 
including the environmental, economic, social, cultural and human rights dimensions. 
A wider consideration regarding environmental sustainability has been expressed in 
the EJF protocol. Some highlighted issues are: stock sources and stocking density; 
farm management; disease management; use of freshwater and groundwater; water 
exchange during operation and a sediment trap used before discharging; feed 
compositions, feeding monitoring and management. Social considerations include 
employment of local workers and child labour, which is similar to the SSOQ Codes of 
Conduct. The development of responsible shrimp production system is recommended 
from breeding of post-larvae to processing of end products; however, the concerns 
over the impacts associated with the inputs to the shrimp ponds have not been clearly 
stated in this standard.
r
Organic international certification: Organic shrimp has become an alternative choice 
for consumers. This trend is likely to continue; thus the evaluation of shrimp organic 
production certification is relevant. As previously described in Chapter 2, the 
International Federation of Organic Agriculture Movement (IFOAM) general 
principles for organic aquaculture production are being used as the basic standards, 
with no application of specific national or international regulations at this stage.
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The Naturland" "^  ^ Standards for Organic Aquaculture were developed in 2002 
specifically for shrimp aquaculture. The main principles of the Naturland’s standard 
are rooted in ecosystem protection by not constructing shrimp ponds in mangrove 
areas, eliminating use of chemicals and applying low-intensity inputs (stocking rate, 
feed, fertilisers, energy supply by using aerators) (Naturland Association 2001a; 
2001b). It is recommended that poly-culture systems should be provided where 
possible, to maintain good quality of the aquatic environment. In addition to 
environmental issues, social aspects are included. However, the standard is not 
approached systematically and therefore not all aspects associated with shrimp 
farming have been considered. Such issues include impacts associated with transport, 
materials and energy used for extracting and processing the inputs used for farming 
shrimp.
As previously described, the overall environmental performance of Going-to-be 
Organic farming compared to conventional or adaptive conventional farming types is 
not significantly better. Again, the potential environmental impacts of the farm 
undergoing conversion to organic farming analysed in this study came mainly from 
the use of feed, diesel and post-larvae culturing. This implies that organic production 
of feed and post-larvae is required for the organic shrimp farming. For further 
development of organic shrimp production, the supply structure is recognised as a 
main obstacle, with the organic shrimp feed and naturally-produced post-larvae being 
of most concern. These main barriers imply the application of the extensive farming 
system that relies on wild post-larvae and natural food.
In summary, following the FAO framework and guidelines, various certification 
systems are implemented in different countries to drive the transformation of shrimp 
farming to a more sustainable sector. However, the scope of environmental 
considerations and the certification criteria are still the subject of discussion. The
44
Naturland Association for Organic Agriculture (Verband fur naturgemailen Landbau e.V.) is a 
member of the international umbrella organisation IFOAM. The Naturland’s standards and 
certification procedure are accredited that they fulfil the requirements o f IFOAM both in agriculture 
and aquaculture.
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practical implementation of the guidelines is a common issue among all codes. 
Moreover, measurable performance indicators for shrimp farming operation have not 
been applied in any code. As a result, quantitative comparison of environmental 
performance of shrimp products from different sources is not possible. Therefore, it 
is recommended that LCA be used for quantitative assessment of environmental 
impacts associated with different shrimp production systems. The common issues 
among different countries could serve to guide general principles of the common 
certification standard, whilst specific issues could he used to support the 
establishment of national regulations for environmental improvements. The costs 
associated with the certification procedure, including pre-assessment and actual 
certification costs, are a major concern, however, particularly for small producers in 
South East Asian countries including Thailand.
In addition to the certification systems for shrimp farming, another marketing measure 
recently proposed in the shrimp aquaculture sector is ecolahelling. Ecolabelling 
schemes are applied for the purpose of informing consumers about the impacts 
associated with the product, whilst the certification systems aim to certify that the 
certified products are produced in a more sustainable way. Application of 
ecolabelling schemes has received attention mainly due to the intense global 
competition between aquaculture products. Whilst the development of international 
guidelines for ecolabelling of fish and fishery products from marine capture fisheries 
is well developed and was first implemented by the Marine Stewardship Council 
(MSC/^, the discussions of its implementation in the aquaculture sector are still
The Marine Stewardship Council (MSG) is an independent, global, non-profit organisation. It was 
first established by Unilever, the world's largest buyer o f seafood, and WWF (World Wildlife Fund), 
the international conservation organisation, in 1997. MSG has developed an environmental standard 
for sustainable and well-managed fisheries, covering three main principles: (1) the condition o f the fish 
stock; (2) the impact o f the fishery on the marine ecosystem; and (3) the fishery management systems. 
It uses a product label (i.e. MSG Logo) to reward environmentally responsible fishery management and 
practices, http://www.msc.org/
MSG logo
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ongoing. The discussion below is therefore intended to put forward the principles and 
criteria needed for establishing an ecolabelling initiative for shrimp aquaculture 
products, with the focus on environmental considerations.
7.4.2 An approach to ecolabelling of shrimp aquaculture products
Ecolabels are defined as seals of approval given to products that are deemed to have 
lower impacts on the environment than functionally or competitively similar products 
(Deere, 1999). The objective of environmental labels, as defined in ISO 14020 (ISO, 
2000), is to communicate verifiable and accurate information on the environmental 
aspects of products and services taking into consideration all relevant aspects of the 
life cycle of a product. This aims to encourage the demand for products and services 
that cause less stress on the environment, thereby stimulating the potential for market- 
driven continual environmental improvement as well as serving as benchmarking 
among producers (Clift, 1993).
The recommendations on the principles and criteria for ecolahelling of shrimp 
aquaculture products proposed in this study broadly follow the draft guidelines for 
ecolabelling of fish and fishery products from marine-capture fisheries developed by 
the FAO Committee on Fisheries (COFI) Sub-Committee on Fish Trade (FAO, 2003). 
They include elements, scope, principles, minimum substantive requirements and 
criteria.
7.4.2.1 Scope of environmental considerations
The ecolabelling guidelines should seek to certify shrimp aquaculture products that 
are produced from environmentally and socially sustainable sources. As a minimum, 
the environment management system and aquaculture operating practices must 
comply with local, national and international laws as well as the ecolabelling 
requirements and standards. The scope of considerations should include all 
environmental aspects throughout the life cycle production chain (ISO, 2001).
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7.4.2.2 General ecolabelling principles
The general principles recommended in the FAO Code of Conduct for Responsible 
Fisheries can be used as a basic framework for an ecolabelling scheme for shrimp 
aquaculture products, as the principles have been generally agreed. Therefore, the 
ecolabelling principles could include the following guidelines:
consistent with the FAO Code of Conduct for Responsible Fisheries; 
voluntary and market driven; 
truthful, transparent and clear; 
practical, viable and verifiable; 
based on the hest scientific evidence;
non-discriminatory, i.e. creating no trade obstacles and ensuring fair 
competition;
• clear accountability of the promoters of schemes and certifying bodies.
7.4.2.3 Ecolabelling criteria
ISO 14042 (ISO, 2000) clearly states that ecolabelling criteria should be based on 
specific criteria with measurable performance indicators, in which the criteria must be 
approached from the perspective of the life cycle of the product. The ecolabelling 
criteria recommended in this study have therefore been derived from the quantitative 
LCA of impacts from the life cycle of a block of frozen shrimp. Based on the LCA 
results presented in Chapter 6, the most dominant impacts are generated in the 
farming stage. The key environmental issues for the different farming types analysed 
in this study (as detailed in Chapter 6. Section 6.4, Table 6.4) are: abiotic depletion, 
global warming, marine toxicity and eutrophication, mainly arising from the use of 
energy (for aeration systems), feed, burnt lime (for pond preparation and water quality 
control during the culturing period) and nutrient loading (from wastewater discharged 
from shrimp ponds).
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Therefore, farming is the stage to focus on in any development of an ecolabelling 
scheme; the following ecolabelling criteria relevant to the farming stage are proposed 
for shrimp aquaculture products.
Use o f energy: Energy consumption at the farm is mainly due to the use of aerators 
for maintaining a sufficient level of oxygen throughout the pond (see Section 6.3.2 in 
Chapter 6). As already discussed in Section 7.2, farms should use aerators with 
reduced energy consumption and higher aeration efficiency. Efficient use of energy 
should he one of the important criteria for awarding an ecolabels, for instance kWh of 
energy used to produce 3 kg of adult shrimp (note again that 3 kg of adult shrimp is 
further processed into one block of frozen shrimp). This also corresponds to the 
evaluation of energy performance with a “five-star rating”, based on the aquaculture 
production divided by the total electric power consumption, suggested for use in 
Australia (Peterson, 2002).
Organic and nutrient loadings: Wastewater discharge from the shrimp pond 
potentially causes eutrophication due to the high concentration of nutrients as well as 
increased oxygen demand in the receiving waters due to high organic load. On-farm 
effluent should be monitored for both its organic and nutrient levels. For example, 
farms that discharge wastewater with BOD below 20 mg/1 which is the standard 
established by the Pollution Control Department in Thailand (PCD, 2000) could 
qualify for an ecolabel, provided they also satisfy all other relevant criteria.
Use o f feed: The LCA results have shown that significant impacts are generated due 
to the energy used for processing fishmeal. As discussed earlier in this and in Chapter 
4, the use of marine-caught fish to prepare fishmeal can also potentially cause 
ecological impacts to marine ecosystems. Thus, it is recommended that the amount or 
proportion of fishmeal used in the shrimp feed be considered as an ecolabelling 
criterion.
Use o f burnt lime: Because of its high marine toxicity, reducing the usage of burnt 
lime should be encouraged; the amount of burnt lime applied should be considered as
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a possible ecolabelling criterion. Farms that use calcium carbonate should he favoured 
for an ecolabel to those using burnt lime. However, it should be borne in mind that 
the use of burnt lime varies geographically i.e. the amount of use depends upon the 
soil and water property of particular farming site. Thus, the application ofhumt lime 
maybe required specifically to the areas and independently from other criteria.
Farming site: The amount of lime used is strongly dependent on the quality of pond 
soil as well as the quality of water supply. These are directly related to the soil and 
water properties of the site where the farm is located. Thus, the farm location should 
also be considered as an ecolabelling criterion and the farms that are located in 
suitable areas for shnmp farming as identified by the Department of Fisheries or 
equivalent bodies in other countries could qualify for an ecolabel, if  all other aspects 
are satisfied.
Sources o f  post-larvae: The benefits of the use of the domesticated broodstock for 
hatchery production have already heen discussed in this chapter and should therefore 
be considered as one of the ecolabelling criteria. However, it should be noted that 
technology for domesticated production of shrimp broodstock is under development; 
if  it can be implemented, the criterion should be reconsidered to establish whether the 
use of non-trawled broodstock might be required. The LCA results also show the 
significance of the impacts associated with transport; therefore, the use of post-larvae 
from local hatcheries should also be one of the ecolabelling criteria.
To summarise, ecolabelled products should be regarded as better choices in terms of 
environmental sustainability. They might stimulate the ‘green’ consumer to make 
more responsible purchasing choices. This in turn may encourage non­
certified/ ecolabelled producers to improve their production systems and products. 
However, the framework for ecolabelling can vary from country to country, 
depending on the specific conditions and sustainability contexts. This is particularly 
the case with the shrimp aquaculture industry, where in addition to the specific 
geographic and environmental differences, specific ecolabelling criteria will depend 
on the farming systems and pond management strategies applied. Moreover,
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aquaculture technology and management are constantly evolving to respond to the 
changing environmental conditions of the ponds; thus the most significant 
environmental issues associated with shrimp farming operations should be adjusted 
accordingly. It is also worth noting that the environmental aspects involved in the 
shrimp life cycle production chain that cannot yet be quantified should not be 
overlooked. Such criteria should also be considered as possible ecolabelling criteria, 
for instance use of domesticated broodstock which is already viable in some areas.
The major concern over ecolabelling at this stage is related to the different 
frameworks and criteria identified by different countries. The mutual recognition of 
ecolabelling schemes is another concern among producing countries, because shrimp 
aquaculture products are mainly exported to a range of different countries. Therefore, 
many producers are still considering whether or not to adopt ecolabelling. Part of the 
reluctance arises from the lack of consumer understanding of the message conveyed 
through ecolabels, and hence the lack of consumers’ wider acceptance of ecolabelled 
products. Some retailers believe they do not need to have ecolabels for their products 
because their consumers believe in the high quality of the products carrying their 
brand name (Anonymous, 2004). This implies that some consumers have little or no 
idea about the environmental issues associated with products, and thus they rely on 
trusted retailers to maintain the environmental standards of products on their behalf.
As consumer purchasing plays a major role in driving the development of new 
product types and production methods, the factors influencing consumer choices 
should receive some attention. To promote sustainable production, the driving force 
must come from sustainable consumption. The guidance to consumers on sustainable 
shrimp consumption is therefore the subject of discussion in the next and final section 
of this chapter.
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7.4.3 Consumer guidance for a more sustainable consumption of 
shrimp
Faced with expanding choices of shrimp products currently available on 
supermarkets’ shelves, it is not easy for consumers to make environmentally 
responsible and sustainable choices. More often than not, consumers do not have a 
clear idea how the products are produced and delivered to them. It is also the case 
that the labels of many products do not provide sufficient information to enable 
informed consumer choices when buying shrimp (and other) products. As discussed in 
the previous sections, certification and ecolabelling could help to overcome this 
problem and provide comprehensive environmental information to the consumer. 
However, certified and ecolabelled shrimp products are still very rare and before they 
become more widely spread, the consumer should be encouraged to ask supermarkets 
or retailers for more detail on environmental performance of shrimp products. The 
following gives examples of some general questions that consumers could pose.
(i) How do the supermarkets/retailers choose the product?
If the environmental impacts associated with the production system or product has 
been considered by the supermarkets/retailers, then justification should be provided 
on how the information has been verified.
{ii) Where is the product from? Which mode o f  transport is used to deliver the product 
and how long it takes to deliver the product from the place o f  origin to the 
supermarket?
Products transported by sea should be considered as a more sustainable choice when 
compared to products delivered by air. Shorter distances to deliver the product as 
well as shorter period of time that the product is stored prior to being transported 
should be regarded as a better choice, due to lower burdens associated with transport 
and lower energy used to refrigerate the product in the warehouse, at the wholesalers 
and retailers as well as during the transport.
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(Hi) How is the shrimp farmed, what materials are used for production, and where are 
they sourcedfrom? What kind o f  waste is generated?
In general, shrimp produced using less-intensive farming should be considered as a 
more sustainable choice, because of the lower intensity of material and energy inputs 
and less waste released into environment. Shrimp farmed by using raw materials 
from local sources should be seen as a ‘greener’ product. Shrimp produced without 
the use of chemicals is a good choice as, in addition to reduced environmental 
impacts, it minimises risk to human health. This implies that retailers should seek 
certified suppliers.
Further examples of consumer purchasing criteria suggested by the Environmental 
Justice Foundation (EJF, 2004) and a specific retailer’s approach (Anonymous, 2004) 
are discussed below.
From Environmental Justice Foundation’s ŒJFI Prawn Consumer Guide (EJF. 
2004)
• Which countries are prawns sourced from, and are these prawns fished or 
farmed?
• Can the consumers be sure that prawns sold come from well-managed sources 
and are not linked to environmental degradation or social problems? For example, 
does the retailer have certain standards or ‘codes of conduct’ that are applied to the 
management of prawn farms and fisheries, and can the retailer provide information on 
who monitors the implementation of these standards?
• If the prawns are fished, how does the retailer ensure that the accidental capture 
of other marine life is reduced or eradicated?
• Does the retailer sell ‘organically farmed’ prawns?
• Does the retailer sell prawns that are ‘fairly traded’, helping coastal communities 
to benefit from the trade in this luxury food?
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The EJF prawn consumer guide emphasises the origin of the product, the 
environmental impacts and social problems associated with the shrimp aquaculture 
production systems, environmentally responsible post-production processing and fair 
trade of products. It is also suggested to purchase certified products that can prove 
that they come from sustainable sources. The EJF guide focuses on some highlighted 
environmental issues such as mangrove destruction, wild fish stock depletion, aquatic 
pollution, antibiotic and chemical use. Some social aspects are also included in the 
guide such as child labour and human rights.
The issues identified by EJF are mostly related to the production activities in a rather 
broad fashion, without providing specific and measurable factors that should be 
considered. When compared to the information from the LCA results, specific 
environmental issues related to raw materials and energy used for supporting the 
shrimp production systems are overlooked, for instance the use of energy and the 
application of burnt lime.
It is now interesting to examine an example of the criteria for buying shrimp used by a 
specific retailer (Anonymous, 2004). From the box below, it can be seen that this 
particular retailer strives for high-quality shrimp in terms of food safety and 
environmental sustainability alongside social and ethic considerations. The scope of 
environmental sustainahility considered by this retailer covers the activities from 
hatchery to farm and processing plant. The major interest is the production system 
using healthy post-larvae from sustainable sources, sustainable feed ingredients with 
no genetically-modified ingredients and low-intensity farming systems. In addition, 
shrimp should be processed quickly after harvesting and the quality of final products 
must be approved using microbiological and chemical tests. This implies that the 
approved suppliers must be able to illustrate the full traceahility of raw materials as 
well as production methods to meet all of the requirements. This may also stimulate 
producers to implement certification schemes as well as seeking for certified raw 
material suppliers.
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However, the criteria are still rather general with no clearly defined specific 
measurable indicators. Compared to the criteria identified in the LCA study, the key 
issues associated with the whole supply chain have not yet been captured; for instance 
the use of energy, burnt lime and the impacts associated with transport. Most 
importantly, the environmental criteria are not quantitative but qualitative, which 
makes comparing the environmental performance of different producers and suppliers 
difficult.
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A retailer’s shrimp purchasing criteria (Anonymous. 2004)
• Low intensity farming method;
• Use of healthy post-larvae from known and sustainable sources;
• Hatchery management for controlled use of disinfectant and antibiotics,
improved animal welfare (eye ablation is not applied to induce egg production) and
no environmental impact on local communities from water supply and discharge;
• Feed manufacture must be audited and show good manufacturing practices and 
hygiene standard, using sustainable raw materials with no genetically modified 
ingredients, with full traceability of ingredients and approved sources of supply;
• No overfeeding due to possible environmental impacts;
• Use of antibiotics must be administered by veterinary supervision;
• The shrimp growth and health must be monitored;
• Wastewater discharge and sludge management must not compromise local
communities;
• Harvesting must be planned in advance with the processor so that the coixect 
withdrawal period for any treatment by antibiotics can be ensured;
• Products must be manufactured in safe and hygienic working conditions;
• shnmp processing must be monitored for water use, hygiene management, 
storage, transport, specification and microbiological standard test;
• ethical trading must be applied: no child labour and forced labour, no 
discrimination, no harsh treatment, no excessive working hours, living wages to be 
paid; and
• suppliers must be able to demonstrate that their farming practices are subject to 
an environmental policy which covers: mangrove, farming site, conservation of 
water, control of effluent, use of medicines, disease control and escapee control.
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7.5 Concluding remarks
The potential of LCA to be used for promoting sustainable development of the shrim p 
industry in Thailand has been discussed in this chapter. By identifying the key stages 
and the environmental impacts in the life cycle of the shrimp production system, LCA 
can facilitate identification of management strategies based on specific measures to 
improve the environmental performance of the whole production chain. The 
information obtained through the LCA study can also be used to support development 
of national plans and policies for a more sustainable shrim p aquaculture. 
Furthermore, the LCA results can be used for certification and ecolabelling schemes 
as well as for developing consumer guidelines for purchasing more sustainable shrimp 
products. -
235
Chapter 8 
Conclusions of the Study
Life Cycle Assessment has demonstrated that the significant economic benefits o f farmed 
shrimp products come at considerable environmental and social cost. Integration o f 
economic priorities with negative environmental and undesirable social consequences 
must be addressed in formulating national policy for shrimp aquaculture management. 
The wider and more comprehensive environmental information gained from this study 
has provided a useful insight into how shrimp production and consumption can become 
more sustainable. LCA has proved to be an effective and useful tool to support 
sustainable development o f the shrimp industry in Thailand.
This chapter summarises the significance of the research findings and the overall 
contribution of this work to the objectives given in the introductory chapter. Through the 
analysis and review of the implication of the results, several issues have been identified 
that need to be explored further. Recommendations are also made regarding potential 
future work.
8.1 Novel contribution of the work
The demand for shrimp products and the intensive production of farmed shrimps are 
constantly increasing whilst the meaning of sustainability of shrimp production and 
consumption is not clearly understood yet. Developing countries have benefited from the 
foreign revenues earned from the export of farmed shrimp products. These benefits have, 
however, been enjoyed at a considerable environmental and social cost. This has been 
particularly apparent in Asian countries, including Thailand, where the most intensive 
shrimp farming has been practised.
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The further growth of the shrimp farming industry is becoming increasingly difficult. 
Recent warnings related to irresponsible shrimp farming activities have resulted in 
adverse consequences for both producers and consumers. Disease outbreaks which 
spread from one farm to another, the residue of antibiotics in shrimp products, and 
decreasing size of farmed shrimp (i.e. approaching or reaching the carrying capacity of 
shrimp ponds) are all examples of such warnings to producers. Consumers have also 
been alarmed by concerns over food safety of farmed shrimp products. Additional 
pressure on shrimp farming comes especially from environmental non-government 
orgamsations and media on the grounds of undesirable social consequences following the 
introduction of shrimp farming to local communities, in addition to the associated 
environmental impacts that may result. Shrimp culture is viewed as a major activity 
generating significant foreign revenue. At the same time, it is still unclear whether 
export-oriented shrimp production provides great benefits to large-scale producers rather 
than small- or local farmers in rural areas in terms of income generation and poverty 
alleviation. Low domestic consumption of farmed shrimp is also questionable in terms of 
food security for poor people. Conflicts over human rights related to land and water 
resources have arisen in some shrimp farming areas, as well as use of child labour. 
Animal welfare has also been raised as an issue of public concern.
In addition to the local environmental and social impacts, use of marine-caught fish to 
supply fishmeal for shrimp feed production has been controversial internationally. 
Shrimp aquaculture only contributes a small percentage to the global fish supply (3% out 
of 30% of global fish supply from various kinds of aquaculture), whilst demanding a 
large proportion of fishmeal for feed production (using 20% of global fishmeal supply for 
the global shrimp production in 2001). The high Feed Conversion Ratio (FCR) of shrimp 
aquaculture (i.e. global average shrimp FCR is 2, this means that 2 kg of feed are used 
per kg of shrimp produced) and recent shortages of fishmeal supply have raised alarm 
over the potential to cause marine fish stocks to collapse. Thus, the sustainability of 
shnmp aquaculture has been a matter for serious debate, with questions over whether
237
Chapter 8 Conclusions o f the study
shrimp fanning has compensated or exacerbated the decline in capture fisheries 
production.
Unsustainable shrimp farming practices and their associated potential negative 
environmental and social consequences have been brought into public awareness. As a 
result, the environmental, social as well as ethical aspects of shrimp production methods 
have become important marketing factors. Consumers are demanding that producers 
hilly demonstrate how shrimps are produced and delivered, including the quality of 
inputs used for shrimp production. A detailed investigation of shrimp aquaculture 
production has become essential to understand all the consequences and obtain a clear 
picture of the principal sustainability issues associated with the industry as a whole. An 
in-depth analysis of shrimp aquaculture production systems has therefore been performed 
using the life cycle approach in an attempt to contribute towards better understanding of 
what sustainable development means for the shrimp aquaculture industry in Thailand.
Through LCA, the principal sustainability issues associated with shrimp aquaculture as a 
whole have been identified systematically. LCA results from this study quantify the 
environmental impacts that accompany the significant economic benefits of export- 
oriented shrimp aquaculture. Environmental effects are also accompanied by certain 
financial risks, as well as trade-offs between positive and negative impacts on the social 
welfare of local communities after the introduction of shrimp farming. Furthermore, 
“hidden” costs (i.e. external costs) have not yet been taken into account in shrimp 
farming management or in the price of final shrimp products, and hence the true 
economic efficiency of shrimp farming is not yet fully assessed. To improve the 
sustainability of shnmp production, an integrated analysis of economic priorities coupled 
with comprehensive evaluation of environmental and social consequences must therefore 
be carried out using the life cycle perspective, and addressed in formulating policy for 
more effective and sustainable management of the shrimp aquaculture industry.
238
Chapter 8 Conclusions o f the study
At this stage, environmental aspects are the main focus for many stakeholders, due 
mainly to the concern over the capacity of ecosystems in supporting sustainable shrimp 
production.
The most significant environmental issues associated with shrimp farming 
identified fi*om the LCA results are related to:
■ the use of resources and energy;
■ the impacts on aquatic ecosystems; and
■ the potential loss of biodiversity.
Farming has been identified as the key life cycle stage generating the most 
significant impacts, including:
■ marine toxicity;
■ abiotic resource depletion;
■ global warming; and
■ eutrophication.
These impacts are mainly due to the use in the farming stage of:
■ feed (especially fishmeal);
■ energy (used by aerators for maintaining sufficient oxygen 
level in culturing ponds); and
■ lime (used for maintaining the pond soil and water quality)
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Comparison of the performances of different farming types (Conventional & CoC, 
Biological & CoC, Probiotic, Ecological and Going-to-be-Organic) has shown that the 
environmental impacts are strongly linked to the farm location, choice of culturing 
practices and farm management strategies. The higher inputs of energy, feed and burnt 
lime in Conventional & CoC farm results in the largest impacts. Use of probiotics (by 
Probiotic farm) and biological extracts (by Biological & CoC and Going-to-be Organic 
farms) in an attempt to reduce chemical usage for pond water quality control significantly 
reduces the impacts on ecotoxicity. However, these two farms generate the most serious 
local impacts related to eutrophication as a consequence of wastewater discharge from 
the shrimp ponds. The global warming potential fi-om the Biological & CoC farm is 
significant, arising from the use of rice bran and husk added into the pond to stimulate 
plankton blooming. The under-rate feeding management applied by the Ecological farm 
is proved successful, with lower nutrient concentration in the wastewater leading to much 
less eutrophication.
The environmental performance can then be ranked, based on comparative LCA 
results of five farms with equal importance attributed to all impacts, from best to 
worst as:
Going-to-be-Organic -  Probiotic -  Ecological -  Biological & CoC -  
Conventional & CoC farms
This suggests that the Going-to-be-Orgamc is the most environmentally- 
preferable farming system. Again, it must be borne in mind that this 
interpretation is done under the assumption that all impacts categories are equally 
important.
*Note: the ranking may be changed, depending upon the valuation choice
applied by decision or policy makers.
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This study has developed the above information to provide a more rigorous and  
transparent analysis o f  different shrimp aquaculture systems than has previously been 
available. Therefore, this work has contributed novel knowledge that can be used as 
an input to support environmental perform ance improvement and sustainable 
development o f  the shrimp industry in Thailand and more widely,
8.2 Significance of the Research Findings
The LCA results have provided a framework for developing an environmental 
management system to improve the sustainability of shrimp aquaculture. Preservation of 
shrimp wild broodstock population, use of land suitable for shrimp farming, reduced use 
of fishmeal for shrimp feed ingredients, minimization of burnt lime application, and use 
of higher energy efficiency aeration have been identified as the main criteria to be 
incorporated into strategic plaiming and management of shrimp aquaculture.
The environmental performance evaluation of different farming systems developed in this 
work has highlighted the advantages and disadvantages of each farming technique and 
management strategy.
More sustainable practices and strategies include:
■ siting farms on suitable land with a lower stocking density and optimum 
material and energy inputs to enable long-term maintenance of pond 
quality;
■ elimination of chemicals including the use of burnt lime and use of 
probiotic substances or biological extracts instead so as to minimise 
ecotoxicity; and
■ using diffuser aerators in place of paddle-wheel aerators coupled with 
supplying an optimum amount of oxygen in the ponds to conserve energy.
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This kind of information is extremely valuable for aquaculture planning and further 
development of more sustainable farming techniques. Furthermore, the comprehensive 
environmental information obtained by the LCA study can be used to evaluate various 
current certification systems in shrimp farming, and to provide guidance on a possible 
framework for developing an ecolabelling scheme of shrimp aquaculture products. The 
key issues and science-based environmental information obtained from the LCA study 
can then be communicated to consumers to inform their purchasing.
8.3 Recommendations for Future Work
This work could be taken further in several directions. First of all, there is a need to 
develop the LCA methodology further to enable assessment of environmental impacts 
specific to the shrimp aquaculture sector. These include impacts associated with trawling 
for wild broodstock, impacts on marine ecosystems due to over-exploitation of the wild 
broodstock, impacts of land use for shrimp ponds, and biodiversity loss.
Further research needs related to LCA are in provision of data, which were not 
available in this study, particularly for:
■ energy resource use and extraction;
■ processing of artemia (from cyst to flake form);
■ extraction and processing of ingredients used for feed production, both 
for nursing post-larvae at hatchery and for growing shrimp in ponds;
■ extraction and processing of burnt lime;
■ production of probiotic substances.
Secondly, benchmarking of fisheries/aquaculture production in different countries could 
be very useful for promoting sustainability in the shrimp sector. Constraints in 
implementing the certification and ecolabelling systems should be further researched so 
as to stimulate greater participation by producers and retailers. The knowledge gaps of
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such schemes among consumers should also be addressed. Specifically, information on 
the inputs used in production and processing of shrimp products should be made 
available to consumers through a prawn consumer guide.
The economic and social analysis based on a life cycle perspective should be integrated 
with the detailed environmental information from the LCA study by using multiple 
criteria analysis. Decision conferencing could be conducted to gather opinions from 
various stakeholders to be taken into account in the decision process. This is to provide 
usefol information to decision or policy makers in supporting decisions to promote 
sustainable development in the shrimp aquaculture industry.
Furthermore, there is a need to carry out LCA studies that would enable comparison of 
aquaculture-based with capture-based fisheries. There has been much debate on input- 
and energy-intensive aquaculture production systems compared with fisheries. This has 
tended to centre on the different characteristics of production activities as well as on the 
linkage between the two sectors through the use of marine fish. It would also be very 
interesting to compare the life cycle performance of fisheries/aquaculture with 
agricultural products, especially how land use varies between aquaculture and 
agricultural activities as this would provide directions for more sustainable management 
of the food system as a whole.
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Appendices
There are two sections of appendices in this dissertation:
(1) In the CD attached to this dissertation:
Appendix A Inventory results: life cycle stages and the whole life cycle 
Appendix B Impact assessment results: life cycle stages and the whole life cycle
Four files, in the spreadsheet, are included in Appendix A;
File 1: Filename = Inventory results 1
This file presents inventory results of the life cycle stages: Trawling and Hatchery (Sheet 
1), Farming (Sheet 2) and Processing (Sheet 3)
File 2: Filename — Inventory results 2
This file presents inventory results of the life cycle stages: Processing (Sheet 1),
Consumption (Sheet 2) and Waste management (Sheet 3)
File 3: Filename = Inventory results 3
Inventory results of the whole life cycle production chain, which include these following
production chains:
Sheet 1 :
- Phuket hatchery. Conventional & CoC farm and distribution to the USA, Japan and the 
UK
- Chacheongsao hatchery. Conventional & CoC farm and distribution to the USA, Japan 
and the UK
Sheet 2:
- Phuket hatchery. Biological & CoC farm and distribution to the USA, Japan and the UK
A-1
- Chacheongsao hatchery. Biological & CoC farm and distribution to the USA, Japan and 
the UK
Sheet 3:
- Phuket hatchery, Probiotic farm and distribution to the USA, Japan and the UK
- Chacheongsao hatchery. Probiotic farm and distribution to the USA, Japan and the UK
File 4: Filename = Inventory results 4
Inventory results of the whole life cycle production chain, which include these following 
production chains:
Sheet 1 :
- Chunthaburi hatchery. Ecological farm and distribution to the USA, Japan and the UK 
Sheet 2:
- Chacheongsao hatchery. Going-to-be Organic farm and distribution to the USA, Japan 
and the UK
Four files, in the spreadsheet, are included in Annendix R;
File 1; Filename = Impact assessment CML
Impact assessment results (based on the CML 2 Baseline 2000 method) of these 
following production chains:
Sheet 1 :
- Phuket hatchery. Conventional & CoC farm and distribution to the USA, Japan and the 
UK
- Chacheongsao hatchery. Conventional & CoC farm and distribution to the USA, Japan 
and the UK
- Phuket hatchery. Biological & CoC farm and distribution to the USA, Japan and the UK
- Chacheongsao hatchery. Biological & CoC farm and distribution to the USA, Japan and 
the UK
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Sheet 2:
- Phuket hatchery. Probiotic farm and distribution to the USA, Japan and the UK
- Chacheongsao hatchery. Probiotic farm and distribution to the USA, Japan and the UK
- Chunthaburi hatchery. Ecological farm and distribution to the USA, Japan and the UK
- Chacheongsao hatchery. Going-to-be Organic farm and distribution to the USA, Japan 
and the UK
File 2: Filename = Impact assessment EPS
Impact assessment results (based on the EPS 2000 method) of these following production 
chains:
Sheet 1:
- Phuket hatchery. Conventional & CoC farm and distribution to the USA, Japan and the 
UK
- Chacheongsao hatchery. Conventional & CoC farm and distribution to the USA, Japan 
and the UK
- Phuket hatchery. Biological & CoC farm and distribution to the USA, Japan and the UK
- Chacheongsao hatchery. Biological & CoC farm and distribution to the USA, Japan and 
the UK
Sheet 2:
- Phuket hatchery. Probiotic farm and distribution to the USA, Japan and the UK
- Chacheongsao hatchery. Probiotic farm and distribution to the USA, Japan and the UK 
Sheet 3:
- Chunthaburi hatchery. Ecological farm and distribution to the USA, Japan and the UK
- Chacheongsao hatchery. Going-to-be Organic farm and distribution to the USA, Japan 
and the UK
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File 3: Filename = Impact assessment Ecoindicator
Impact assessment results (based on the Eco-indicator 99 method) of these following: 
Sheet 1 : Impact assessment results based on the H model
- Phuket hatchery, Conventional & CoC farm and distribution to the USA, Japan and the 
UK
- Chacheongsao hatchery. Conventional & CoC farm and distribution to the USA, Japan 
and the UK
- Phuket hatchery. Biological & CoC farm and distribution to the USA, Japan and the UK
- Chacheongsao hatchery. Biological & CoC farm and distribution to the USA, Japan and 
the UK
- Phuket hatchery. Probiotic farm and distribution to the USA, Japan and the UK
- Chacheongsao hatchery. Probiotic farm and distribution to the USA, Japan and the UK
- Chunthaburi hatchery. Ecological farm and distribution to the USA, Japan and the UK
- Chacheongsao hatchery. Going-to-be Organic farm and distribution to the USA, Japan 
and the UK
Sheet 2: Impact assessment results based on the E model
- Phuket hatchery. Conventional & CoC farm and distribution to the USA, Japan and the 
UK
- Chacheongsao hatchery. Conventional & CoC farm and distribution to the USA, Japan 
and the UK
- Phuket hatchery. Biological & CoC farm and distribution to the USA, Japan and the UK
- Chacheongsao hatchery. Biological & CoC farm and distribution to the USA, Japan and 
the UK
- Phuket hatchery. Probiotic farm and distribution to the USA, Japan and the UK
- Chacheongsao hatchery. Probiotic farm and distribution to the USA, Japan and the UK
- Chunthaburi hatchery. Ecological farm and distribution to the USA, Japan and the UK
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- Chacheongsao hatchery, Going-to-be Organic farm and distribution to the USA, Japan 
and the UK
Sheet 3 : Impact assessment results based on the I model
- Phuket hatchery. Conventional & CoC farm and distribution to the USA, Japan and the 
UK
- Chacheongsao hatchery, Conventional & CoC farm and distribution to the USA, Japan 
and the UK
- Phuket hatchery. Biological & CoC farm and distribution to the USA, Japan and the UK
- Chacheongsao hatchery, Biological & CoC farm and distribution to the USA, Japan and 
the UK
- Phuket hatchery. Probiotic farm and distribution to the USA, Japan and the UK
- Chacheongsao hatchery. Probiotic farm and distribution to the USA, Japan and the UK
- Chunthaburi hatchery. Ecological farm and distribution to the USA, Japan and the UK
- Chacheongsao hatchery. Going-to-be Organic farm and distribution to the USA, Japan 
and the UK
(2) In the text in the dissertation
Appendix C
Appendix D
Appendix E
Introduction to the CML 2 Baseline method; 
Impacts categories analysed in this method; and 
Impact assessment results of five farms 
Introduction to the EPS method;
Impacts categories analysed in this method; and 
Impact assessment results of five farms 
Introduction to the Eco-indicator 99 method; 
Impacts categories analysed in this method; and
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Appendix C
LCIA Results for 
the CML 2 Baseline 2000 Method
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1. Introduction to the CML2 baseline 2000 method
This method represents an update from the preliminary version of the Guide to LCA 
(often referred to the CML guide”) published in 1992 by the Centre of Environmental 
Sciences (CML; note it is now known as Institute of Environmental Sciences), Leiden 
University, the Netherlands.
2. Impact categories
It uses the problem-oriented (midpoint) approach as explained below.
Abiotic Depletion Natural resources, including energy resources in non-living forms, are 
considered as abiotic resources. They are divided into resources that can be regenerated 
within a human lifetime (groundwater, for example), resources that cannot be regenerated 
within a human lifetime (fossil fuel, for example) and resources that are constantly 
regenerated (wind, for example). To reflect the seriousness of the abiotic depletion 
problem in LCA, the assessment of depletion of abiotic resource is based on the ultimate 
reserves and rate of extraction. In the practical way provided in the SimaPro software, 
the impact category indicator for the depletion of abiotic resources is related to extraction 
of minerals and fossil fuels associated with inputs to the product system. The Abiotic 
Depletion Factor (ADF) is determined for each extraction of minerals and fossil fuels (kg 
antimony equivalents per kg of mineral extracted), based on extraction rate of resources 
and reserves of that resource. The reference species is conventionally taken to be 
antimony, so that scarcity and usage are calculated relative to antimony as a non­
renewable resource.
Abiotic Depletion Potential = Y ADPi x mi
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with:
ADPi = [DRi/(Rÿ] X /DR„f] 
and:
ADPj Abiotic Depletion Potential of resource (generally
dimensionless); 
nii quantity of resource i extracted (kg);
Ri ultimate reserve of that resource (kg);
DRi extraction rate of resource (kg yr'^);
Rref ultimate reserve of the reference resource, antimony (kg);
DRref extraction rate of Rref (kg yr'^)
Global Warming Potential Global Warming Potential (GWP) is a measure of the 
potential contribution of a substance to climate change relative to GWP of carbon 
dioxide. Because all gases are gradually removed from the atmosphere, the effect has to 
be calculated for a specified time period. GWP is normally calculated for the time 
horizon of 100 years, as follows:
Climate Change = T  GWPi x m.
where:
mi the mass of substance i released (kg);
GWPi Global Warming Potential of that substance (kg CO2
equivalent)
with:
T T
G W Px,i=  {Ja iC i(t )d t} /{J a co 2 C co 2 (t)d t}  
i i
and:
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the radiative forcing per unit concentration increase of 
greenhouse gas i (wm'^ kg'^);
C i ( t )  the concentration of greenhouse gas I at the t after the
release (kgm‘^ )’
T the time over which integration is performed (yr)
Stratospheric Ozone Depletion The Ozone Depletion Potential is expressed in 
kilogrammes of CFC-11 equivalent per kilogramme of ozone-depleting substance emitted 
as follows:
Ozone Depletion = T ODPi x mi
where:
mi the mass of substance i released (kg);
ODPi Ozone Depletion Potential of that substance (kg CFG-11
equivalent)
with:
ODPi = Ô[03]i/ô[03]cFC-ii
and:
S[0 3 ]i the change in the stratospheric ozone column i the
equilibrium state due to annual emissions of substance i
(flux in kgyr'^);
5 [0 3 ]cfc-ii the change in this column in the equilibrium state due to 
annual emission of CFG-11
Human Toxicity The impacts of toxic substances released into the environment on
human health are assessed and expressed as Human Toxicity Potentials (HTPs). The
HTPs are calculated based on fate modelling. For GML 2 Baselne 2000, this is done
using the model USES-LGA (GML, 2001) that describes fate, transfer, exposure (intake)
A -9
and effects of toxic substances for an infinite time horizon. The fate factor represents the 
intermedia transport of substance from the environmental compartment receiving the 
emission through to final compartment. The transfer factor refers to the fraction of a 
substance that is transferred from the final compartment to human exposure route i.e. air, 
dnhking water, fish consumed, etc. The intake factor means the human intake via each 
exposure route which is expressed as a daily intake of air, drinking water, fish, etc., and 
the effect factors represents the toxic effect of intake of a substance via the exposure 
route. Acceptable Daily Intake (ADI) is taken as a reference level for risk evaluation. 
For each toxic substance HTP's are expressed as 1,4-dichlorobenzene equivalents per 
kilogramme emission of toxic substance.
Human toxicity = 2 Z  nii.ecomp x HTPi,ecomp
i ecomp
where:
mi,ecomp emission of substance I to compartment ecomp
HTPi,ecomp Human Toxicity Potential due to emission of 1,000 kg of
substance I per day (flux) to emission compartment ecomp 
(the compartments considered are air, water, and 
agricultural and industrial soil, resulting in four different 
HTPs per substances) 
with:
H T P i,e c o m p  =  [P D I i,e c o m p  X E i]/[P D Ia ir ,l,4 -d ic h lo r o b e n z e n e  X E i,4 .d ich lorob en zen e]  
and:
PDIi,ecomp Predicted Daily Intake of the substance emitted to emission
compartment ecomp\
Effect factor, representing the human-toxic impact of 
substance i, here is the Acceptable Daily Intake (ADI ) of 
the substance;
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PDIair,1,4-dichlorobenzene Predicted Daily Intake resulting from the emission 
of 1,000 kg of 1,4-dicholrobenzene per day to air;
Ei,4-dichiorobenzene Effect factor for 1,4-dicholrobenzenc, representing 
the human-toxic impact of 1,4-dicholrobenzene, 
here the reciprocal of the ADI of 1,4-
dicholrobenzene
Ecotoxicity This category includes impacts of toxic substances on aquatic, terrestrial and 
sediment ecosystems. The potential ecotoxicity of toxic substances on ecosystems is 
assessed as Ecotoxicity Potentials (ETPs). The contribution of ecotoxicity is based on the 
fate and effect of each particular toxicant and is defined relative to a reference substance 
(1,4-dichlorobenzene equivalents per kilogramme emission of eco-toxic substance). The 
toxic emissions to different environmental compartments are expressed as freshwater 
aquatic, marine aquatic and terrestrial ecotoxicity. The characterisation factors for the 
aquatic and terrestrial ecosystems are the maximum tolerable concentrations for water 
and soil, which are based on ecotoxicological data from multi-species tests. Some 
accounts of environmental transport and degradation have been incorporated, including 
acute and chronic effects of toxic substances. The Predicted No effect Concentration 
(PNEC) and Maximum Tolerable Concentration (MTC) are used as a reference level to 
evaluate the risk.
Ecotoxicity = 2  S  mi,ecomp X ETPi,ecomp
where:
mi,ecomp emission of substance I to compartment ecomp
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ETPi,ecomp Ecotoxicity Potential, the contribution to ecotoxicity of a 
unit emission of substance i, to emission compartment 
ecomp (covering subcategories: aquatic ecotoxicity and 
terrestrial ecotoxicity)
with:
ETPi,ecomp — E  Fi,ecomp,fcomp X Ei,fcomp]/[Z Erefi,refcomp,fcomp X Eirefi,fcomp] 
fcomp fcomp
and:
Fi,ecomp,fcomp Fatc factor, representing intermedia transport of substance i 
from emission compartment ecomp to final compartment 
fcomp
Ei,fcomp Effect factor, representing the toxic effect of exposure of a
given ecosystem to substance i in compartment^omj:?
Frefi^ e^fcomp,fcomp Fate factor for 1,4-dichlrobenzene, representing intermedia 
transport of 1,4-dichlrobenzene from emission 
compartment ecomp to final compartment fcomp;
Eirefi,fcomp Effect factor for 1,4-dichlrobenzene, representing the toxic
effect of exposure of a given ecosystem to 1,4- 
dichlrobenzene in compartment^om/>
Photochemical Oxidant Formation The photochemical oxidant formation of reactive 
chemical compounds as a result of sunlight and some primary air pollutants can cause
impacts' on human health and ecosystems. Sunlight can influence the formation of
oxidants in the troposphere through photochemical oxidation. Photochemical Ozone 
Creation Potential (POCPs) is used as the characterisation factor to assess the impacts 
from photochemical oxidant formation, which is expressed in kilogramme ethylene 
equivalents per kilogramme emission of POCP substance. The POCP is estimated by 
calculating ozone formation and using the fate model, in the presence of a given VOC 
(volatile organic compound).
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Photo-oxidant Formation = 2  POCPi x mi
where:
POCPi
the mass of substance i released (kg);
Photochemical Ozone Creation Potential of the substance 
and Photo Oxidant Formation is the indicator result, 
expressed in kg ethylene (C2H4)-equivalent
with:
POCPi — [ai/bi]/[ac2H4/bc2H4]
and:
ai
bi
aC2H4
bc2H4
the change in ozone concentration due to a change in the 
emission of VOC i;
the integrated emission of VOC i up to that time; 
the change in ozone concentration due to a change in the 
emission of C2H4;
the integrated emission of C2H4 up to that time.
Acidification Acidification is caused by acidifying pollutants such as 80% and NOx. 
Acidification Potential (APs) is used as a characterisation factor to assess the potential 
acid deposition of a substance, which is expressed as kilogramme SO2 equivalents per 
kilogramme of acid gas emission. In other words, AP reflects the maximum acidification 
potential of a substance relative to that of SO2. The magnitude and severity of this 
impact depends on the geographical location of acidifying emissions, i.e. on the 
sensitivity of the area in which the acidifying pollutants are emitted. Because of that, the 
regional sensitivity has been taken into account by using weighting factors.
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Acidification = T AP, x nii
where:
mi
APi
with:
APi = i)i/r)so2
and:
hi
hS02
the mass of substance i released (kg);
Acidification Potential of the substance and Acidification is 
the indicator result, expressed in kg ethylene (SO2)- 
equivalent
the number of ions that can potentially be produced per
kg substance i (mol.kg"*);
the number of ions produced per kg SO2 (mol.kg'^)
Eutrophication Eutrophication is caused by the impact cause by high nutrient 
concentrations especially nitrogen and phosphorus. The nutrient enrichment may cause 
the changes to species composition and biomass production in the aquatic and terrestrial 
ecosystems, leading to the decrease of oxygen levels. The potential of a substance to 
contribute to biomass formation is assessed in terms of its Eutrophication Potential (EPs). 
The potential contribution to eutrophication is based on the stoichiometric procedure of 
Heijungs (1992), and expressed as kilogramme of PO4 equivalents per kilogramme 
emission of the eutrophication substance. The method assesses the integrated 
eutrophication impacts for both aquatic and terrestrial ecosystems.
Eutrophication = X EPi x mi
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where:
nii the mass of substance i released (kg);
EPi Eutrophication Potential of the substance, expressed in kg
phosphate (P0 4 ^')-equivalent
with:
EPi = [Vi/Mi]/[Vre/Mref] 
and:
Vi the potential contribution to eutrophication of one mole of
substance i;
Mi the mass of substance i (kgmof^);
Vref the potential contribution to eutrophication of one mole of
PO4";
Mref themass ofP 0 4 ^'(kgmof^)
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Appendix D
LCA Results for the EPS 2000 Method
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1. Introduction to the method
The Environmental Priority Strategies (EPS) method is mainly aimed for use as a tool in 
product development (Steen, 1999). EPS is an endpoint method, which attempt to assess 
the consequences of measure use and emissions via their contributions to impacts or five 
“safeguard subjects”. The damage cost estimated from Willingness to Pay (WTP) by 
society to restore the impacts is used as the basis to aggregate the results into a single 
monetized metric. The inputs required for the EPS method are based on the use of 
resources as well as from emissions of the life cycle production system analysed, in 
addition to the risk assessment and the valuation weighting factor based on WTP. The 
resulting environmental priority index is expressed as ELU (Environmental Load Units) 
per kilogramme, with one ELU corresponding approximately to one euro of damage cost.
2. Impact categories
Use of resources and emissions are valued according to their estimated contribution to the 
impacts in five safeguard subjects: human health, ecosystem production capacity, abiotic 
stock resources, biodiversity, and cultural and recreational values. The impact categories 
are described below.
Human Health The monetary value for human life could be described as the willingness 
to pay for preserving lives. The human health impacts are expressed in terms of life 
expectancy, severe morbidity, morbidity, severe nuisance and nuisance. Mortality 
impacts as a consequence of environmental problems are expressed as life expectancy. 
Severe morbidity means chronic diseases including lung diseases, starvation, infectious 
diseases, and poisoning whilst morbidity refers to a normal illness which could have 
serious or mild symptoms such as pain on deep inhalation, wheezing chest, tightness 
cough, headache, eye irritation, etc. Mild nuisance does not constantly irritate people, 
while severe nuisance causes a reaction to avoid that nuisance. The indicator unit in all 
categories is ECU per person per year.
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Ecosystem Production Capacity The environmental impacts associated with the 
ecosystem production capacity, as a consequence of emissions and use of resources, are 
described as the decreased yields of crop, fish and meat, wood and freshwater. The 
impact categories assessed include: crop production capacity, wood production capacity, 
fish and meat production capacity, base cation capacity, production capacity of irrigation 
water, and production capacity of drinking water. The indicator chosen for these 
categories is a decreased production capacity of one kg of crop, wood, fish and meat. 
The assessment of crop, wood, fish and meat production capacity is based on their market 
prices. Liming is often applied for avoiding the decrease of base cation capacity of soil; 
thus the liming cost is used for estimation of the base cation impact. The willingness to 
pay for water is expressed in teims of the cost of alternative production, which could 
involve purification or transport from other areas as well as water deficiency.
Abiotic Stock Resources Depletion of abiotic resources is used to estimate their scarcity. 
The parameters assessed in the EPS system include: depletion of oil, coal, natural gas, 
elements and mineral reserves. The assessment is based on the present abiotic stock 
reserves. In addition, it is assumed that all future generations are included and are 
imagined to bid for the present abiotic stock reserves. Rapeseed oil is used as a reference 
material to value fossil oil. Production of charcoal is a sustainable alternative equivalent 
to coal and thereby the values of its production are used as the reference system. The 
sustainable alternative to natural gas is bio-gas; thus the cost for bio-gas production at the 
same composition as natural gas is used as the baseline value. The reference system used 
for the production of Al-ore (bauxite) is the leaching of mineral andalusite (Al2 0 Si0 4 ) by 
using sodium hydroxide to produce aluminium oxide. Extraction of the metals into 
leachate is done by using hydrofluoric and sulphuric acids. Metals can subsequently be 
recovered from leachate by sulphide precipitation with various sulphide concentrations. 
Iron can also be treated in a similar way, but the allocation of impacts and costs of co­
mined metals have to be taken into account.
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The cost of other elements available from the earth’s crust is roughly estimated as 
inversely proportional to the average concentration in the earth crust, except for those that 
are extracted from seawater. For the elements available from seawater (Na, K, Cl, Mg, S, 
B, Br, and I), the valuation is based on the sources of elements that may be produced 
from seawater in a sustainable way. Element available from air may be regarded as a 
sustainable source and therefore the weighting factor is zero. The elements available 
from the biosphere use the same weighting factor as charcoal. Natural gravel may be 
substituted by crushed rock; thus the cost for crushing rock is used as the reference value.
Biodiversity The assessment of impact on biodiversity is based on the extinction of 
species. It is estimated by using the probability of extinction of red-listed species. The 
Normalised Extinction Species (NEX) is used to express impacts on biodiversity. The 
figures are estimated from Swedish figures and transferred to the global scale by 
multiplying with the population ratio (i.e. ratio of the Swedish to the global population).
Cultural and Recreational Values The cultural and recreational values have to be defined 
for each individual case, as several factors are linked to the valuation of cultures and 
recreations.
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Appendix E
LCA Results for 
the Eco-indicator 99 Method
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1. Introduction to the method
This method is an updated version of Eco-indicator 95 (Goedkoop, 1999). The previous 
Eco-indicator version (1995) used the distance to target approach, but the method was 
criticised because there was no consensus regarding targets for sustainability. The 
present method uses the damage function approach that presents the relation between the 
impact and damage to human health or ecosystems. Environmental problems and their 
consequences are defined at their endpoint level. Fate, exposure, effect and damage 
analyses are included in the modelling of damage effects.
2. Impact categories
Three types of environmental damages are included in the Eco-indicator 99 method: 
human health, ecosystem quality and resources.
Damage to Human Health The damage to human health is expressed as a number of 
DALYs (Disability Adjusted Life Years) per year. The modelling of human health 
damages include: climate change (diseases and displacement); ozone layer depletion 
(cancer and cataract); ionizing radiation (cancer cases and type); respiratory effects (cases 
and type); carcinogenesis (cancer cases and type). The fate, exposure, effect and damage 
analyses are used to link the emissions to the potential damages to human health.
Damage to Ecosystem Quality Species diversity is used as the indicator for ecosystem 
quality. The damage to ecosystem quality is expressed as the percentage of vascular 
plant species that have disappeared in a certain area due to the environmental load. 
Ecotoxicity is expressed as Potential Affected Fraction (PAF), which is the percentage of 
species exposed to a concentration above the.No Observed Effect Concentration (NOEC). 
The damage effects of acidification and eutrophication are estimated as the potential 
increases of nutrient or acidity level; their impacts on target plant species as a result of 
the changes of nutrient or acidity levels assessed is specific for each type of ecosystem.
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The local and regional effects of land use and transformation are assessed in terms of the 
decrease of vascular plant species in a particular area, using Potentially Disappeared 
Fraction (PDF) multiplied by the area and year as the indicator unit. The local effects 
refer to the changes in species numbers occurring on occupied or converted land itself, 
while the regional effects refer to the changes on the natural area outside the occupied or 
converted area. The impacts as a consequence of land use and transformation are 
modelled based on the empirical data on the quality of ecosystems, as a. fonction of the 
land use type and the area size (Kollner, 1999). All emissions and fo rms of land use are 
assumed to occur within Europe.
Damage to Resource Extraction The damage to resource extraction is described as the 
quality of remaining minerals and fossil resources. The resource analysis indicates a 
decrease of resource concentration and the damage analysis links the lower 
concentrations of resources to the surplus energy required for future extraction based on 
the fossil foel and minerals available. Thus, the damage is referred to as the energy 
needed to extract a kilogramme of a mineral in the future. It is worth noting that biotic 
resources are not included in this method.
The contributions to the three types of environmental damages are assessed based on the 
best available knowledge. One of the limitations of this method is the assumption that all 
emissions and land use occur within Europe, except for the damage to resources and the 
damage caused by climate change, ozone layer depletion, air emission of persistent 
carcinogenic substances, inorganic air pollutants and some radioactive substances which 
are assumed to be occurring on the global scale.
As the three damage categories are non-commensurable and therefore weighting factors 
expressing subjective preferences are then applied to make them dimensionless and 
enable aggregation. Furthermore, three versions of the damage model are used to model 
subjectivity in valuation. They are based on the cultural theory concept and use three
A-51
types of people (Hofstetter, 1998): H (Hierarchist), I (Individualist), and E (Egalitarian). 
/  applies a short-term perspective and only proven effects are included; E  uses the 
precautionary principle and a long-term perspective; whilst H  balances the time 
perspective and the consensus among scientists to determine the inclusion of effects. The 
distinguishing between different archetypes is also valuable to explain different attitudes 
and judgement of environmental problems among three archetypes.
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